Searching PAJ 



1/1 ^— V 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2002-284862 
(43)Date of publication of application : 03.10.2002 



I— 

(51)Int.CI. 




C08G 61/12 
H01M 4/60 
H05B 33/14 




i 

(21 Application number 


: 2001-086128 


(71)Applicant 


: TDK CORP 








YAMAMOTO RYUICHI 


(22)Date of filing : 


23.03.2001 


(72)Inventor : 


YAMAMOTO RYUICHI 








SAI HEIKI 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a novel electron 
accepting polymer compound; and a method for 
producing and a method for using the same. 
SOLUTION: The polymer compound comprises having a 
structure represented by formula (1) in the principal 
chain, wherein X1 and X2 are same or different each 
other and carbon constituting the benzene ring or 
nitrogen constituting the pyridine ring; R1 and R2 are 
same or different each other and a substituent group; k 
is 0, 1, 2 or 3 if X1 and X2 constitute benzene rings and 
is 0, 1 or 2 if X1 and X2 constitute pyridine rings; Y is an 
atom or an atomic group necessary to complete a 5-7 
membered heterocycle. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A high molecular compound which has the structure shown with a following formula (1) 
in a main chain. 
[Formula 1] 




In [type (1), X 1 and X 2 may be the same respectively, or may differ from each other, and express 

the carbon which constitutes the benzene ring, or the nitrogen which constitutes a pyridine ring. 
R 1 and R 2 may be the same respectively, or may differ from each other, and express a 

substituent. k is 0, 1, 2, or 3, when X 1 and X 2 constitute the benzene ring, and when a pyridine 

ring is constituted, it is 0, 1 , or 2. Y expresses the atom or the atomic group for completing the 
heterocycle of 5 - 7 member. ] 

[Claim 2]A high molecular compound of claim 1 which is nitrogen in which X 1 in a formula (1) and 
X 2 constitute a pyridine ring. 

[Claim 3]A high molecular compound of claim 1 or 2 whose Y in a formula (1) is O, S, N=N, or 
R^N-CO-NR^ (however, R^ and R 12 may be the same respectively, or may differ from each 

other, and express hydrogen or a substituent.). 

[Claim 4]One high molecular compound of claims 1-3 whose molecular weights are 1000 or more 
in weight average molecular weight. 

[Claim 5]One high molecular compound of claims 1-4 shown by a formula (2). 
[Formula 2] 



(Ri)k (R 2 )k 




(2) 



In [type (2), X t and X 2 may be the same respectively, or may differ from each other, and express 

the carbon which constitutes the benzene ring, or the nitrogen which constitutes a pyridine ring. 
R 1 and R 2 may be the same respectively, or may differ from each other, and express a 

substituent. k is 0, 1, 2, or 3, when X 1 and X 2 constitute the benzene ring, and when a pyridine 

ring is constituted, it is 0, 1 , or 2. Y expresses the atom or the atomic group for completing the 
heterocycle of 5 - 7 member, n expresses a degree of polymerization and is 5-1000. ] 
[Claim 6] A manufacturing method of a high molecular compound obtained by carrying out 
dehalogenation of the dihalogen compound shown with a following formula (3) in one high 
molecular compound of claims 1-5, and polymerizing. 
[Formula 3] 



JP,2002-284862,A [CLAIMS] 



2/2 s<— v 




(3) 



In [type (3), X t and X 2 may be the same respectively, or may differ from each other, and express 

the carbon which constitutes the benzene ring, or the nitrogen which constitutes a pyridine ring. 
R 1 and R 2 may be the same respectively, or may differ from each other, and express a 

substituent. k is 0, 1, 2, or 3, when X 1 and X 2 constitute the benzene ring, and when a pyridine 

ring is constituted, it is 0, 1 , or 2. Y expresses the atom or the atomic group for completing the 
heterocycle of 5 - 7 member. Z 1 and Z 2 may be the same respectively, or may differ from each 

other, and express halogen. ] 

[Claim 7]A manufacturing method of a high molecular compound of claim 6 in which a 
dehalogenation polymerization is performed under existence of copper or a zero valent nickel 



[Claim 8]Directions of a high molecular compound which uses one high molecular compound of 
claims 1-5 as electrochromic materials or an active material for cells. 



[Translation done.] 



compound. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the new high molecular compound which has pi 

conjugated system which met the main chain, and its manufacturing method. 

Specifically, it is related with the high molecular compound which can expect the use as a 

material for functional organicity devices, such as an organic electroluminescence device and an 

organic FET (field effect transistor) device, and its manufacturing method. 

It is related with the directions as electrochromic materials and an active material for cells. 

[0002] 

[Description of the Prior Art]In recent years, pi conjugate polymer compound attracts attention 
as electric and an optical function material, for example, is applied to the rechargeable battery, 
an organic electroluminescence device or an organic FET device, etc. For example, poly para- 
phenylene vinylene (PPV), poly para-phenylene (PPP), etc. are used for an organic 
electroluminescence device, and poly aniline, a polythiophene, etc. are used for the rechargeable 
battery for the polythiophene etc. at the organic FET device. However, since many of materials 
developed so far are electron-donative polymers, the restrictions of ** to which the design of a 
device is restricted have arisen. For example, in the field of a polymers EL device, most devices 
reported now are devices deficient in the electron transportation capability to consist of 
electron-donative material, and an improvement of the further characteristic is possible by 
combining with the polymer material which has electronic receptiveness and in which the 
characteristic as a n type conductor is expected. Although many reports of the p type FET 
device of an electron-donative polythiophene base are carried out in the field of the FET device 
using a conductive polymer, The FET device using electronic receptiveness polymers is not yet 
reported, but an appearance of the polymer material in which the n type characteristic is shown 
with electronic receptiveness is desired. 
[0003] 

[Problem(s) to be Solved by the Invention]The purpose of this invention is new pi conjugate 
polymer compound which can expect the use as a functional material of functional organicity 
devices, such as an organic electroluminescence device and an organic FET device, and which 
has electronic receptiveness, and to provide the manufacturing method. It is providing the 
directions as electrochromic materials and an active material for cells. 
[0004] 

[Means for Solving the Problem]Such a purpose is attained by following this invention. 
[0005](1) A high molecular compound which has the structure shown with a following formula (1) 
in a main chain. 
[0006] 



[Formula 4] 




<i) 
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[0007]In [type (1), X 1 and X 2 may be the same respectively, or may differ from each other, and 

express the carbon which constitutes the benzene ring, or the nitrogen which constitutes a 
pyridine ring. R 1 and R 2 may be the same respectively, or may differ from each other, and 

express a substituent. k is 0, 1, 2, or 3, when X 1 and X 2 constitute the benzene ring, and when a 

pyridine ring is constituted, it is 0, 1, or 2. Y expresses the atom or the atomic group for 
completing the heterocycle of 5 - 7 member. ] 

(2) A high molecular compound of the above (1) which is nitrogen in which X 1 in a formula (1) and 
X 2 constitute a pyridine ring. 

(3) The above (1) whose Y in a formula (1) is O, S, N=N, or R^N-CO-NR^ (however, R^ and 
R 12 may be the same respectively, or may differ from each other, and express hydrogen or a 
substituent.), or (2) high molecular compounds. 

(4) One high molecular compound of above-mentioned (1) - (3) whose molecular weights are 
1000 or more in weight average molecular weight. 

(5) One high molecular compound of above-mentioned (1) - (4) shown by a formula (2). 
[0008] 

[Formula 5] 

(Ri)k 

\=( >=/--v \ 

(2) 




[0009]In [type (2), X 1 and X 2 may be the same respectively, or may differ from each other, and 
express the carbon which constitutes the benzene ring, or the nitrogen which constitutes a 
pyridine ring. R t and R 2 may be the same respectively, or may differ from each other, and 
express a substituent. k is 0, 1 , 2, or 3, when X 1 and X 2 constitute the benzene ring, and when a 

pyridine ring is constituted, it is 0, 1, or 2. Y expresses the atom or the atomic group for 
completing the heterocycle of 5 - 7 member, n expresses a degree of polymerization and is 5- 
1000.] 

(6) The above (1) Manufacturing method of a high molecular compound obtained by carrying out 
dehalogenation of the dihalogen compound shown with a following formula (3) in one high 
molecular compound of - (5), and polymerizing. 
[0010] 



(3) 



[001 1]In [type (3), X t and X 2 may be the same respectively, or may differ from each other, and 
express the carbon which constitutes the benzene ring, or the nitrogen which constitutes a 
pyridine ring. R 1 and R 2 may be the same respectively, or may differ from each other, and 
express a substituent. k is 0, 1, 2, or 3, when X t and X 2 constitute the benzene ring, and when a 

pyridine ring is constituted, it is 0, 1, or 2. Y expresses the atom or the atomic group for 
completing the heterocycle of 5 - 7 member. Z 1 and Z 2 may be the same respectively, or may 

differ from each other, and express halogen. ] 

(7) A manufacturing method of the high molecular compound of the above (6) in which a 
dehalogenation polymerization is performed under existence of copper or a zero valent nickel 
compound. 
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(8) The above (1) Directions of a high molecular compound which uses one high molecular 

compound of - (5) as electrochromic materials or an active material for cells. 

[0012] 

[Embodiment of the Invention]Hereafter, this invention is explained in detail. 

[0013]The high molecular compound of this invention is a high molecular compound which has 

the structure shown with a following formula (1) in a main chain, and is new pi conjugate polymer 

compound which has electronic receptiveness. 

[0014] 

[Formula 7] 

( R l)k\^ >=^(R2)k 

\) — \_J — 

X 1 X 2 

[0015]In a formula (1), X 1 and X 2 may be the same respectively, or may differ from each other, 
and express the carbon which constitutes the benzene ring, or the nitrogen which constitutes a 
pyridine ring. R 1 and R 2 may be the same respectively, or may differ from each other, and 
express a substituent. k is 0, 1,2, or 3, when X 1 and X 2 constitute the benzene ring, and when a 

pyridine ring is constituted, it is 0, 1 , or 2. Y expresses the atom or the atomic group for 
completing the heterocycle of 5 - 7 member. 

[0016]When it explains further, X t and X 2 are the same, and when they make electronic 

receptiveness reveal, combination of nitrogen is usually preferred [ ** ] about a formula (1). 
[0017]It may be any, for example, a substituent expressed with R^ and R 2 may have a nitro 

group, a preferred amino group, etc., and may be an alkyl group of the carbon numbers 1 -3, etc. 
As for k, it is preferred that it is 0 (namely, thing which does not have a substituent other than a 
predetermined combination) in any [ of the benzene ring and a pyridine ring ] case. 
[0018]As an atom or an atomic group expressed with Y, preferably, O, S, N=N, R^N-CO-NR^, 

etc. are mentioned and O, N=N, R^N-CCHMR^, etc. are preferred especially. Here, R u and R 12 

may be the same respectively, or may differ from each other, and express hydrogen or a 
substituent (for example, alkyl group of the carbon numbers 1-3), their usually same thing is 
preferred, and their combination of hydrogen is especially preferred. 

[0019]If a high molecular compound of this invention has the structure shown by a formula (1) in 
a main chain, within limits which restriction in particular does not have in the structure, and do 
not check electronic receptiveness besides a composition repeating unit of a formula (1). 
Although it has other composition repeating units (for example, thing derived from pyridine, 
pyrimidine, quinoline, NAFUCHI lysine, etc.), it is preferred that it is a high molecular compound 
which consists of structure especially shown by a formula (1). In this case, although a 
composition repeating unit of a formula (1) may be the same homopolymer and it may be a 
copolymer of combination from which a composition repeating unit of a formula (1) differs, it is 
preferred on a composite ease or the characteristic that it is a homopolymer. 
[0020]It is weight average molecular weight, as for a molecular weight of a high molecular 
compound of this invention, 1000 or more are preferred, and also it is preferred that it is 3000- 
50000. It becomes easy to mold by having such a molecular weight, and intensity of mold goods 
improves by it. 

[0021]As for especially a high molecular compound of this invention, what is shown with a 
following formula (2) is preferred, and its homopolymer is preferred especially. 
[0022] 
[Formula 8] 
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(R 2 )k 




(2) 



x 2 - 



[0023]In a formula (2), X v X 2 , R v R 2 , k, and Y are a thing in a formula (1), and a thing of 

homonymy, and their desirable thing is also the same, n is a degree of polymerization and is 5- 
1000. 

[0024]Although the good example of the high molecular compound of this invention is shown 
below, it is not limited to these. It combines and the weight average molecular weight Mw is 
shown. All end groups are H. 
[0025] 
[Formula 9] 



P-l 
(PBC) 



N=N 




Mw=l. 64X10 



P-2 

(PDpyPd) 



N=N 




Mw=3.0XKT 



P-3 

(PDpyFu) 



P-4 

(PDBDAz) 



P-5 

(PDpyDAz) 




Mw=2. 9 X 10 



Mw=4. 14X10° 
2. 66X10 3 



Mw=2. 9 X 10 J 



[0026]Such a high molecular compound is obtained by polymerizing while using as a starting 
material a dihalogen compound shown with a following formula (3) according to structure made 
into the purpose and carrying out dehalogenation of these. 
[0027] 
[Formula 10] 
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[0028]In a formula (3), X^, X 2 , R 2 , k, and Y are a thing in a formula (1), and a thing of 
homonymy. and Z 2 may be the same respectively, or may differ from each other, and express 
halogen. CI, Br, I, etc. are mentioned as halogen expressed with Z 1 and Z 2 . The same thing of Z 1 
and Z 2 is preferred, and their combination of Br(s), etc. are preferred. 

[0029]The metal or metallic compounds which has dehalogenation ability is made to exist on the 
occasion of dehalogenation and a polymerization. Various things are mentioned as the metal or 
metallic compounds used for this invention. First, as metal, the metal which causes the C-C 
coupling reaction of reducing metal or an organic halogenated compound is desirable, For 
example, 14 group metals, such as 13 group metals, such as 12 group metals, such as transition 
metals, such as two group metals, such as one group metals, such as Li, Na, and K, Mg, and Ca, 
Ti and V, Cr, Fe, Co, nickel, and Cu, and Zn, aluminum, and Ga, and Sn, are mentioned. The 
catalyst which consists of other metal or metallic compounds may be used for these metal if 
needed (in the similar polymerization using Mg, the example which makes a nickel compound a 
catalyst is indicated at a ceremony (1) in the 46th volume of a magazine "polymers", and 68 
pages (1997)). Although there is no restriction in particular as metallic compounds, the thing 
which makes the C-C coupling reaction of reducing metallic compounds or an organic 
halogenated compound cause is desirable, for example, a zero valent nickel compound, a zero 
valent palladium compound, etc. are mentioned. When using these zero valent metal compounds, 
such a zero valent metal compound itself may be used, and a divalent nickel compound, a 
divalent palladium compound, etc. may be added, and it may be made to generate using reducing 
agents, such as zinc Zn and hydrazine, in the system of reaction. As a form of 
homopolymerization accompanied by C-C joint generation, polymerization formation of a 
statement can be mentioned [ Japanese Patent Application No. / No. 42428 / six to ] using a 
zero valent nickel compound. 

[0030]Copper or a zero valent nickel compound is preferred, and use of a zerovalent nickel 
complex (for example, bis(1,5-cyclo-octadiene)nickel:nickel(cod) 2 ) is preferred especially also in 

such. 

[0031]What is necessary is just to perform such a reaction at temperature of about 60 ** using 
organic solvents, such as dimethylformamide (DMF), etc. 

[0032]A reaction scheme in a case of obtaining a high molecular compound (however, k= 0) of a 

formula (2) is shown below. 

[0033] 

[Formula 1 1] 




+ n Ni(0)Lm 



dmf, ecm 

Ni(0)Lm : Offfi^ y tr;l<mW> 

(Ni (cod) 2 1 2, 2' - tf tr v vjv t (om^m) 

[0034]Thus, the high molecular compound obtained can be identified with ultimate analysis, an 
infrared absorption spectrum (IR), etc. A molecular weight is calculated by the gel permeation 
chromatograph (GPC) method. 

[0035]The high molecular compound of this invention is an electronic receptiveness compound, 
and the use as a polymer material with electronic receptiveness, such as an organic 
electroluminescence device and an organic FET device, is expected. The thing of Xj=X 2 =N can 
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also expect the use as a polymers chelating agent to metal among the high molecular compounds 
of this invention. 

[0036]Since an electrochemical reduction reaction accompanied by change of a color is shown, a 
high molecular compound of this invention can be used as electrochromic materials. It can also 
be used as an active material for cells using a oxidation reduction function. About these 
concrete application methods and gestalten, it applies to a publicly known thing correspondingly. 
[0037] 

[Example] Hereafter, an example explains this invention concretely. 
Example 1 (composition) 

The reaction scheme of the synthetic high polymer P-2 of the high molecular compound P-2 

(poly (3,2-c:2',3 -JIPIRIDO [e] pyridazine 3,8-diyl)) is shown below. 

[0038] 

[Formula 12] 

NO z NO z NC 2 N =N 

/=< Cu y=k J=v Na 2 S-9H 2 0 /=( 

1 2 3 

N=N 

Bra/HBr 



92% 



-N N- 

4 



N=N N=N 

nB K!jHD" Br + nNi(0)Lm "s^ -(CHP^ 

4 8 
[0039] 1) The synthetic 1-13,3-dinitro 2,2'-bipyridyl (2) of a monomer 

2-chloro-3-nitropyridine (1), (10 g-63.1mmol), N.N-dimethylformamide (30cm 3 ), and the end 
(12g) of copper bronze powder were agitated in the oil bath at 100 ** for 2 hours. The reaction 
mixture was filtered and the ammonia solution was added to the filtration thing. The sediment 
was filtered and silica gel column chromatography refined (eluent CHCI 3 ). It evaporated to 

dryness under the vacuum and the powder of the object of thin yellow was obtained (4.93 g, 64% 
of yield). Ultimate analysis, IR (the KBr method), and 1 HNMR performed identification. 
1-2) JIPIRIDO [3, 2-c:2\ and 3' - e] pyridazine (3) 

The solution which dissolved Na 2 S.9H 2 0 (2.2 g, 9.2mmol) for a 3,3-dinitro 2,2-bipyridyl (2), and 

(0.25 g, LOmmol) into water (7. 2cm 3 ) was added, and it agitated at the room temperature for 4.5 
hours. Chloroform (100cm 3 ) extracted this solution twice, and the extract was washed with 
water, and it dried and evaporated to dryness. Bright yellow residue was ******ed from ethanol 
and the bright yellow needle crystal of the object was obtained (0.16 g, 89% of yield). Ultimate 

analysis, IR (the KBr method), and 1 HNMR performed identification. 
1-3) 3 and 8 - a jib — ROMOJI pyrid [3, 2-c:2\ and 3' - e] pyridazine (4) 

JIPIRIDO [3, 2-c:2\ and 3' - e] pyridazine (3), (1.6-g, 8.6mmol), dark HBr (70cm 3 ), and Br 2 (41.4 

g, 259mmol) was agitated at 100 ** for 12 hours. The sediment was filtered after cooling to the 
room temperature, and it washed by water and ethanol. Silica gel column chromatography refined 
the sediment (eluent ethyl acetate). The powder of the object of thin yellow was obtained 
according to evaporation to dryness (2.7 g, 92% of yield). Ultimate analysis, IR (the KBr method), 

and 1 HNMR performed identification. 

2) High molecular compound P-2 : poly (3,2-c:2',3'-JIPIRIDO [e] pyridazine 3,8-diyl), PDpyPd (8) 
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Add bis(1,5-cyclo-octadiene)nickel (0) nickel(cod) 2 (0.86, 3.1mmol) into dry DMF (20cm 3 ) at a 
room temperature, and it is considered as a solution, A 2,2 -bipyridyl (0.41 g, 2.6mmol) and 1 and 
5-cycio-octadiene (1. 45cm 3 , 1 1.8mmol) were added to this. After 1-hour churning, and 3 and 8 

- a jib — ROMOJI pyrid [3, 2~c:2\ and 3' - e] pyridazine (4) and (0.41 g-1.21mmol) were added 
to the system of reaction. The mixture was made to react at 60-70 ** for 48 hours. To the room 
temperature, the mixture was added to the ammonia solution (500cm ) after cooling, and 1 
evening churning was carried out. The filtered powder was washed with ** EDTA solution, warm 
water, diluted ammonia water, and methanol, vacuum drying was carried out at 100 ** for 15 
hours, and PDPyPd (0.154 g, 70% of yield) of the object was obtained. The result of ultimate 
analysis is shown below. It is generally known that a 2,2 -bipyridine is a hydrate. 

Actual measurement : C52.23%, H4.19%, N24.37% calculated value:(C 10 H 4 N 4 and2.8H 2 O) n :C52.08%, 

the result of HN [ 4.20% of ] 24.30%IR (the KBr method) — JIPIRIDO [3, 2-c:2\ and 3' - e] 
pyridazine (3), and 3 and 8 - a jib — it is shown in drawing 1 with ROMOJI pyrid [3, 2-c:2', and 3' 

- e] pyridazine. Drawing 1 shows that the sharp peak of nu (C-Br) 1 100 - near 900cm -1 has 
disappeared by polymer-ization in a monomer. 

[0040]Mw of this high molecular compound P-2 (PDpyPd) is calculated from GPC analysis of a 
DMF dissolution portion, and is 3.0x10 . 

The intrinsic viscosity eta was O.IOdLg -1 (inside of 30 ** and formic acid), 
example 2 (composition) 

The reaction scheme of the synthetic high polymer P-1 of the high molecular compound P-1 

(poly (benzo [c] cinnoline 3,8-diyl)) is shown below. 

[0041] 

[Formula 13] 

N0 2 N0 2 N0 2 N=N 

/=< Cu /=l >=v LiAlH 4 /=< >=v 

5 6 7 

N=N N=N 

7 9 
[0042] 1) Synthetic 1-14,4'-dibromo-2,2 -dinitrobiphenyl (6) of a monomer 

1 ,4-dibromo-2-nitrobenzene (5), and (12 g, 43mmol) in DMF (100cm 3 ) were made to return with 
copper bronze (8.2g) for 4 hours. The reaction mixture was filtered and the ammonia solution 
was added to the filtration thing. The sediment was filtered and silica gel column chromatography 
refined (eluent CHCI 3 / hexane =1/1). It evaporated to dryness under the vacuum and the 
powder of the object of thin yellow was obtained (3.32 g, 39% of yield). Ultimate analysis, IR (the 

KBr method), and 1 HNMR performed identification. 
1-2) 3,8-dibromobenzo [c] cinnoline (7) 

4,4-dibromo-2,2-dinitrobiphenyl (6), (1.2 g, 3.0mmol), dry ether (50cm 3 ), and benzene (50cm 3 ) 

were added to dry ether (70cm 3 ) and the mixture of LiAIH 4 . It agitated at the room temperature 

for 2 hours, warmed with the water bath for 1 5 minutes, and cooled after that. Water was added, 
superfluous LiAIH 4 was decomposed, the mixture was filtered, filtrate was evaporated, and 

separation refinement of the residue was carried out under chloroform using silica 
chromatography. The solvent was evaporated under the vacuum and the object of thin yellow 
was obtained (0.88 g, 88% of yield). It identified by ultimate analysis, IR (the KBr method), and 

1 HNMR. 
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2) High molecular compound P-1 : poly (benzo [c] cinnoline 3,8-diyl), PBC (9) 
Add bis(1,5-cyclo OKITA diene)nickel (0) nickel(cod) 2 (0.72, 2.6mmol) into dry DMF (20cm 3 ) at a 
room temperature, and it is considered as a solution, A 2,2'-bipyridyl (0.34 g, 2.2mmol) and 1 and 
5-cyclo-octadiene (1. 3cm 3 , 10.2mmol) were added to this. 3,8-dibromobenzo [c] cinnoline (7), 
and (0.35 g, LOmmol) were added to the system of reaction after 1-hour churning. The mixture 
was made to react at 60-70 ** for 48 hours. To the room temperature, the mixture was added to 
the ammonia solution (500cm 3 ) after cooling, and 1 evening churning was carried out. The filtered 
powder was washed with ** EDTA solution, warm water, diluted ammonia water, and methanol, 
vacuum drying was carried out at 100 ** for 15 hours, and PBC (0.18 g, about 100% of yield) of 
the object was obtained. The result of ultimate analysis is shown below. Since the thermal 
stability of this polymer is high, it is thought of that an actual measurement and a calculated 
value have a difference a little. 

Actual measurement : C74.78%, H4.63%, N13.79%, Br0.0% calculated value:(C 12 H 6 N 2 and0.85H 2 O) 
n :C74.49%, The result of HN [ 4.01 % of ] 14.48%IR (the KBr method) is shown in drawing 1 with 1,4- 
dibromo-2-nitrobenzene (5)4,4 -dibromo-2,2'-dinitrobiphenyl (6) and 3,8-dibromobenzo [c] 
cinnoline (7). Drawing 1 shows that the sharp peak of nu (C-Br) 1 100 - near 900cm" 1 has 
disappeared by polymer-ization in a monomer. 

[0043]Mw of this high molecular compound P-2 (PDpyPd) was calculated from GPC analysis of 

the DMF dissolution portion, and was 1.64x10 4 . 
Example 3 (measurement) 

The result of having investigated the solubility (25 **) over various solvents about the high 
molecular compound P-2 (PDpyPd) obtained in Examples 1 and 2 and P-1 (PBC) is shown in 
Table 1. PDpyPd from Table 1 DMF, dimethyl sulfoxide (DMSO), It turned out that it dissolves in 
part to a polar organic solvent like N-methyl-2-pyrrolidinone (NMP) and 1,3-dimethyl- 2- 
imidazolidine (DMI), and good solubility is shown to an acidic solvent like formic acid and sulfuric 
acid. On the other hand, probably because PBC had few N numbers, it was inferior in solubility 
also to any of an organic solvent and an acidic solvent compared with PDpyPd. THF in front is a 
tetrahydrofuran. 
[0044] 



[Table 1] 




PDpyPd 


PBC 


CP 3 COOH 


A 


AA 


H 2 S0 4 


O 


A 


HCOOH 


O 


A 


(CF^CHOH 


X 


X 


DMI 


AA 


AA 


NMP 


AA 


A 


DMF 


AA 


AA 


DMSO 


AA 


A 


THF 


X 


X 


CHClg 


X 


X 


* O «IS 


a -mmm 





AA **** X 



[0045] Example 4 (measurement) 

The spectrum of a visible ultraviolet absorption spectrum (UV-vis) and photoluminescence (PL) 
was measured about the high molecular compound P-2 (PDpyPd) obtained in Examples 1 and 2, 
and P-1 (PBC). 

[0046]About PDpyPd, the visible ultraviolet absorption spectrum was measured in DMF and 
HCOOH, and this result was shown in drawing 3 and Table 2. PL was measured in DMF, was 
shown in drawing 5 about the excitation spectrum (Excitation shows among a figure), and the 
emission spectrum (Emission shows among a figure), and showed lambdamax in Table 2. 
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[0047]About PBC, the visible ultraviolet absorption spectrum was measured in DMSO and 
HCOOH, and this result was shown in drawing 4 and Table 2. PL was measured in DMSO, was 
shown in drawing 6 about the excitation spectrum and the emission spectrum, and showed 
lambdamax of luminescence in Table 2. 

[0048]The data of poly (1,10-phenanthroline 3,8-Jill) and PPhen and the data of poly 
(dihydrophenanthroline 2,7-diyl) and PH 2 Ph were written together to Table 2 for comparison. 

[0049] 

[Table 2] 







UV-vis ^iR 




PL 


/*vm»77BV(M-JM» 






X max(nm) 55 J 




X max(nm) 


uv 


PL 




435 


(DMF) 


495 


500 


2.5 


2.5 




370 


(HCOOH) 


460 


500 


2.7 


2.5 


PBC 


360 (DMSO) 
310,370 (HCOOH) 


415 

390 


447 
380,398 


3.0 
3.2 


2.8 
3.1~3.3 




361 


(NMP) 










PH 2 Ph 
















382 


(HCOOH) 


410 


413 


3.0 


3.0 


PPhen 















[0050]If a visible ultraviolet absorption spectrum is considered, since an orthohydrogen exists in 
a biphenyl unit, it will be thought that steric exclusion exists and PBC and PH 2 Ph will be 

considered that formation of pi-conjugated system which spreads along with a polymer chain is 
checked. It is thought that such a phenomenon is similarly produced since PDpyPD in formic 
acid and PPhen are protonated. On the other hand, in DMSO and DMF, PDpyPd was considered 
that such steric exclusion does not exist, and the absorption peak has shifted to the long 
wavelength side in the fact and such an organic solvent. 

[0051] About PL, PDpyPd has lambdamax of luminescence in the long wavelength side compared 
with PBC. Although the calculated band gap was shown in Table 2 from the absorption end and 
PL (lambdamax) of the absorption spectrum, respectively, it turns out that the band gap of 
PDpyPd is [ / else ] small about 0.5 eV. 
[0052]example 5 (measurement) 

The high molecular compound P-2 (PDpyPd) obtained in Examples 1 and 2 and P-1 (PBC) are 
cyclic. The voltammetry (valve flow coefficient) was measured. It carried out in the CH3CN 

solution (0.1mol/L) of [NEt 4 ] and [BF 4 ], and the cast film on a platinum plate was made into the 

test portion. A result is shown in drawing 7 . The sweep rate of the inside a of a figure is 50mVs " 
1 

b) and c are 100 mVs" 1 and, as for a, 2.3 - -2.1V (vs.Ag + /Ag), b, and c performed scanning in 0 - 
-2.5V (vs.Ag + /Ag). 

As shown in a, in connection with the electrical change, change of the color of brown [ brown / 
(darkbrown) / dark ] (brown) was seen. 

[0053] From drawing 7 c, a PBC film shows a reversible oxidation-reduction cycle, and a 
reduction peak (Epc) and an oxidation peak (Epa) are -2. 02V and -1.82V (vs.Ag + /Ag), 
respectively. 
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These peaks support n-doping of PBC, and n-undoping. 

On the other hand, a PDpyPd film is scanning of 0 — 2.5V (vs.AgVAg), and it turns out that it 

has a peak corresponding to n-doping and n-undoping in 1.38V and 0.82V (vs.AgVAg). These 
results show that it originates in PDpyPd having imine nitrogen in a repetition constitutional unit 
at a two-piece excess compared with PPhen (refer to Epc of the after-mentioned table 3), and 
PBC, and is easier to be returned. On the other hand, although the reduction peak (-0.1 V, -0.6V, 

-1.3Vvs.Ag + /Ag) of a three-stage is seen in valve flow coefficient measured in -2.1 - +2.3V 
about PDpyPd, -Coupling of the peak of 0.1V and -0.6V is carried out to the oxidation peak of 
1 .9V, and it turned out that it is what belongs to p-undoping peak of the p-dope PDpyPd of the 
1.9V neighborhood. 

[0054]valve flow coefficient data of DpyPd which are PDpyPd, PBC, PPhen and BC that is the 
monomers used as the raw material of PBC, and a monomer used as the raw material of PDpyPd 

also including the above data is gathered in Table 3. E 1 0 is reduction potential. 
[0055] 



[Table 3] 




(0 -* -2.5 


-» 0V) 






Mfc,V vs. Ag + /Ag (CH 3 CN) 




Epc 


Epa 


E,° 


N:N 










-1.38 


-0.82 


-1.10 


PDpyPd 










-2.02 


-1.82 


-1.92 


PBC 










-2.24 


-1.98 


-2.11 


PPhen 








N.N 


-1.96 


-1.86 


-1.91 


BC 








N:N 


-1.64 
-2.34 


-1.60 
-2.15 


-1.62 
•2.25 


DpyPd 









[0056] Example 6 (composition) 

The reaction scheme of the synthetic high polymer P-3 of the high molecular compound P-3 

(poly (3,2-b:2\3'-JIPIRIDO [d] franc 3,7-diyl)) is shown below. 

[0057] 

[Formula 14] 



JP,2002-284862,A [DETAILED DESCRIPTION] 



11/19 ^— V 




[0058] 1) The synthetic 1-13,3'-diamino-5,5 -dibromo-2,2'-bipyridine (2) of a monomer 

A 5,5-dibromo-3 f 3'-dinitro 2,2 -bipyridine (1) and (4.60 g-1 1.4mmol) were added to the dark HCI 

(40cm 3 ) solution of SnCI 2 and 2H 2 0 (24.5 g, 106mmol), and were agitated at 60 ** for 2 hours. It 

cooled to the room temperature, and alkalized with the NaOH aqueous solution 20%, and 
chloroform extracted. The extract was rinsed and it dried by MgS0 4 . Silica gel column 

chromatography (eluent chloroform) refined residue after solvent distilling off. The powder of the 
yellow object was obtained after solvent distilling off (3.88 g, 99% of yield). Ultimate analysis, IR 

(the KBr method), and 1 HNMR performed identification. 
1-2) 3,7 - a jib — a ROMOJI pyrid [3,2-b:2\3'-d] franc (3) 

Dissolve a 3,3'-diamino-5,5'-dibromo-2,2'-bipyridine (2), and (0.52 g, 1.5mmol) in formic acid 
(2cm 3 ) 80%, and to this at 0-5 **. The NaN0 2 (0.15 g-12.2mmol) solution of concentrated 

sulfuric acid (1. 5cm 3 ) was dropped. This mixture is agitated at 50-60 ** until a gas evolution is 
lost. 

Then, it agitated for 10 minutes at 90 more **. 

It alkalized with the NaOH aqueous solution 20%, chloroform extracted, and it dried by anhydrous 
MgS0 4 . Silica gel column chromatography (eluent chloroform) refined residue after solvent 

distilling off. Distilling off of the solvent obtained the powder of the yellow object (0.12 g, 25% of 

yield). Ultimate analysis, IR (the KBr method), and 1 HNMR performed identification. 
2) The high molecular compound P-3 (poly (3,2-b:2',3'-JIPIRIDO [d] franc 3,7-diyl)), PDpyFu (4) 
Add bis(1,5-cyclo OKITA diene)nickel (0) nickel(cod) 2 (0.25-0.91 mmol) into dry DMF (20cm 3 ) at 
a room temperature, and it is considered as a solution, A 2,2 -bipyridyl (0.12 g-0.77mmol) and 1 
and 5-cyclo-octadiene (0. 43cm 3 , 350mmol) were added to this. After 10-minute churning and 
3,7 - a jib — a ROMOJI pyrid [3,2-b:2',3'-d] franc (3) and (0.1 14 g-0.35mmol) were added to the 
system of reaction. The mixture was made to react at 60-70 ** for 48 hours. To the room 
temperature, the mixture was added to the ammonia solution (500cm 3 ) after cooling, and 1 
evening churning was carried out. The filtered powder was washed with ** EDTA (EDTA, 2K + , 
and2H 2 0) solution, warm water, diluted ammonia water, and methanol, vacuum drying was carried 

out at 100 ** for 15 hours, and PDpyFu (0.44 g, 75% of yield) of the object was obtained. The 
result of ultimate analysis is shown below. It is generally known that a 2,2-bipyridine is a 
hydrate. 

Actual measurement : C64.11%, H3.49%, N15.14%, 014.20% calculated value: 

(C 10 H 4 N 2 Oand0.95H 2 O) n :C64.25%, the result of HO [ N / 3.1 8% of / 14.99% of] 16.69%IR (the KBr 
method) — 3,7 - a jib — it is shown in drawing 8 with a ROMOJI pyrid [3,2-b:2\3'-d] franc. 
Drawing 8 shows that the sharp peak of nu (C-Br) near 1074cm"" 1 has disappeared by polymer- 
ization in a monomer. 
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[0059]Mw of this high molecular compound P-3 (PDpyFu) was calculated from GPC analysis of 

the DMF dissolution portion, and was 2.9x10°. 
[0060] Example 7 (measurement) 

About the high molecular compound P-3 (PDpyFu) obtained in Example 6, the solubility (25 **) 

over various solvents was investigated. This result is shown in Table 4. 

[0061] 



[Table 4] 




PDpyFu 


CF 3 COOH 


A 


H2S0 4 


O 


HCOOH 


o 


DMI 


X 


NMP 


A 


DMF 


A 


DMSO 


A 




X 


chci* 


X 


MeOH 


X 


* O pJ» 


a 



[0062]To a polar organic solvent like DMF, DMSO, and NMP, it dissolved in part, and PDpyFu 
was understood that it is meltable to an acidic solvent like formic acid and sulfuric acid. 
[0063]Example 8 (measurement) 

About the high molecular compound P-3 (PDpyFu) obtained in Example 6, the spectrum of a 
visible ultraviolet absorption spectrum (UV-vis) and photoluminescence (PL) was measured. 
[0064]About PDpyFu, the visible ultraviolet absorption spectrum was measured in DMF and 
HCOOH, and this result was shown in drawing 9 and Table 5. PL was measured in DMF, was 
shown in drawing 10 about the excitation spectrum (Excitation shows among a figure), and the 
emission spectrum (Emission shows among a figure), and showed lambdamax in Table 5. In Table 
5, the result of the visible ultraviolet absorption spectrum of DpyFu which is a monomer raw 
material of PDpyFu, and poly (pyridine- 2,5-diyl) Ppy and poly (2,2-bipyridine 5,5-diyl) PBpy is 
written together for comparison. 
[0065] 



[Table 5] 




PDpyFu 




Ppy t PBpy 


DMF 


350 


310 




DMSO 


350 






NMP 


355 






HCOOH 


410 


330 


370 


H^O, 


385 








395 







[0066]As for lambdamax of the visible ultraviolet absorption spectrum of PDpyFu, formic acid 
has become the long wavelength side from the inside of DMF. lambdamax in formic acid is in the 
long wavelength side rather than Ppy or PBpy. This is considered because pi-conjugated system 
spread with the condensation furan ring. 

[0067]In the PDpyFu, lambdamax shifts to the 40-80-nm long wavelength side by formation of 
pi-conjugated system from the monomer DpyFu which serves as a raw material of PDpyFu in 
DMF, and it becomes the long wavelength side rather than the inside of an organic solvent in film 
state. 

[0068]About PL, PL peak in DMF is 400 nm, and the blue light of the high quantum yield 
(absorbance 0.01) which results in 0.85 is obtained. PDpyFu in concentrated sulfuric acid shows 
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the remarkable quantum yield (absorbance 0.05) of 0.42. 
[0069] Example 9 (measurement) 

The high molecular compound P-3 (PDdyFu) obtained in Example 6 is cyclic. The voltammetry 

(valve flow coefficient) was measured. It carried out in the CH-CN solution (0.10mol/L) of [NEtJ k 

p 

and [BF 4 1 and the cast film on a platinum plate was made into the test portion. A sweep rate is 

1 00 mVs~ 1 . A result is shown in drawing 1 1 . * 
[0070]As shown in drawing 1 1 a, it has an oxidation-reduction cycle which a PDpyFu film has a 

reduction peak in -1.5V and -2.2V, and has an oxidation peak in -2.0V and -1.8V (vs.Ag + /Ag). It 
was considered as scanning of 0.0 — 2.4V. The reduction peak supports n-doping (doping levels 
0.4V and 0.2V) of PDpyFu, and n-undoping. Although the doping level of the 1st cycle is 0.6V, it 
is smaller 0.2-0.3v than the 2nd cycle. As shown in drawing 1 1 a, in the oxidation field of 0.0 - 
+2.0V, an oxidation peak exists in 1 .3V and 1 .6V, but it has disappeared in the 2nd cycle. In 
drawing 1 1 c, although +2.0 - -2.4V (vs.AgVAg) are scanned, the 2nd n-doping peak and its 
undoping peak in -2.2V are small. On the other hand, 1st n-doping peak of -1.5V is divided into - 
1.9V and -1.6V, and it is thought that this is related to the large oxidation peak of +0.5 and 
+1.4V. 

[0071]Example 10 (composition) 

The reaction scheme of the synthetic high polymer P-4 of the high molecular compound P-4 
(poly (2,1-d:1\2'-dibenzo [f] diazepine 6-****- 3,9-diyl)) is shown below. The thing of the high 
molecular compound P-5 of the following Example 1 1 is also shown collectively. 



[0072] 

[Formula 15] 





N0 2 NO* 



SnCl 2 



Br-4 />-Br 

^— X DMF 

1 a,b 




conc-HCl, 60^ 




NH 2 NH 2 



Br 



3 a,b 



Br + 



Br 




4 a,b 



5 a»b 



a : X = CH 
b : X - N 



[0073] 1) The synthetic 1-14,4 -dibromo- 2 of a monomer, 2-dinitrophenyl (2a) 
It compounded like 1-1 of Example 2. 
1-2) 2,2-diamino-dibromobiphenyl (3a) 

4,4-dibromo-2,2 -dinitrobiphenyl (2a) (2.8 g, 7.0mmol) was added to the dark HCI (30cm 3 ) 
solution of SnCI 2 and 2H 2 0 (15 g, 6.5mmol). This mixture was agitated at 60 ** for 2 hours. After 

cooling to a room temperature, it alkalized with the NaOH aqueous solution 20%, and chloroform 
extracted the mixture. The extract was rinsed and it dried by MgS0 4 (melting agent chloroform). 

Silica gel column chromatography refined residue after solvent distilling off. The powder of the 
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yellow object which is bluish by solvent distilling off obtained (2.1 g, 87% of yield). Ultimate 

analysis, IR (the KBr method), and 1 HNMR performed identification. 
1-3) 3,7-dibromo dibenzo [ 2,1-d:1',2'-] [f] diazepine 6-one (4a) 

2,2'-diamino-4,4'-dibromobiphenyl (3a) (0.51 g, 1.5mmol) and urea (0.30 g, 5.0mmol) were added jj 
to DMF (15cm 3 ), and it flowed back for 12 hours. This mixture was cooled and it diluted with ; 
water (10cm 3 ). When the sediment was filtered and rinsed and it dried under the vacuum, the \ 
powder of the white object was obtained (0.52 g, 95% of yield). Ultimate analysis, IR (the KBr 

method), and 1 HNMR performed identification. 

2) High molecular compound P-4 : poly (2,1 -d:1 \2'-dibenzo [f] diazepine 6-****- 3,9-diyl), 
PDBDAz (5a) 

Add bis(1,5-cyclo OKITA diene)nickel (0) nickel(cod) 2 (0.93 g, 3.4mmol) into dry DMF (40cm 3 ) at 
a room temperature, and it is considered as a solution, A 2,2'-bipyridyl (0.47 g, 3.0mmol) and 1 
and 5-cyclo-octadiene (1. 7cm 3 , 14mmol) were added to this. 3,9-dibromo dibenzo diazepine 6- 
one (4a) (0.50 g, 1.4mmol) was added to the system of reaction after churning for 10 minutes. 
The mixture was made to react at 60-70 ** for 48 hours. To the room temperature, the mixture 
was added to the ammonia solution (500cm 3 ) after cooling, and 1 evening churning was carried 
out. The filtered powder was washed with ** EDTA (EDT, 2K + , and2H 2 0) solution, warm water, 

diluted ammonia water, and methanol, vacuum drying was carried out at 100 ** for 15 hours, and 
PDBDAz (0.26 g, 91% of yield) of the object was obtained. The result of ultimate analysis is 
shown below. 

Actual measurement : C72.58%, H4.97%, N12.73%, 09.16% calculated value:(C 13 H 8 N 2 Oand0.41 H 2 0) 
n :C72.42%, The result of HO [ N / 4.12% of / 12.99% of ] 10.46%IR (the KBr method) is shown in 
drawing 1 2 with 3,9-dibromo dibenzo diazepine 6-one. Drawing 12 shows that the sharp peak of 
nu (C-Br) 1100 - near 900cm~ 1 has disappeared by polymer-ization in a monomer. 
[0074]The 2 type curve of 4:6 was obtained from GPC analysis of the DMF dissolution portion 
with the peak area, and Mw of this high molecular compound P-4 (PDBDAz) was calculated with 

4.1 4x1 0 3 and 2.66x1 0 3 corresponding to this. 
[0075] Example 11 (composition) 

High molecular compound P-5: A poly (3,2-d:2',3'-JIPIRIDO [f] diazepine 6-****- 3,9-diyl) 
synthetic reaction scheme is as above-mentioned. 

1) The synthetic 1-13,3'-diamino-5,5'-dibromo-2,2'-bipyridine of a monomer (3b) 
It compounded like 1-1 of Example 6. 

1-2) 3,9 - a jib — ROMOJI pyrid [ 3,2-d:2\3'-] [f] diazepine 6-one (4b) 

A 5,5-dibromo-3,3'-diamino-2,2'-bipyridine (3b) (0.18 g-0.52mmol) and urea (0.22 g, 3.7mmol) 
were added to DMF (5cm 3 ), and it flowed back for 12 hours. This mixture was cooled and it 
diluted with water (10cm 3 ). When the sediment was filtered and rinsed and it dried under the 
vacuum, the powder of the object of ****** was obtained (0.19 g, 100% of yield). Ultimate 

analysis, IR (the KBr method), and 1 HNMR performed identification. 

2) The high molecular compound P-2 (poly (3,2-d:2',3 -JIPIRIDO [f] diazepine 3,9-diyl)), 
PDpyDAz (5b) 

Add bis(1,5-cyclo OKITA diene)nickel (0) nickel(cod) 2 (0.28, LOmmol) into dry DMF (15cm 3 ) at a 
room temperature, and it is considered as a solution, A 2,2 -bipyridyl (0.14 g, 0.9mmol) and 1 and 
5-cyclo-octadiene (0. 51cm 3 , 4.1mmol) were added to this. After churning during 10 minutes, and 
3,9 - a jib — ROMOJI pyrid [ 3,2-d:2',3'-] [f] diazepine 6-one (4b) (0.15 g-0.41mmol) was added 
to the system of reaction. The mixture was made to react at 60-70 ** for 48 hours. To the room 

temperature, the mixture was added to the ammonia solution (500cm 3 ) after cooling, and 1 
evening churning was carried out. The filtered powder was washed with ** EDTA (EDTA, 2K + , 
and2H 9 0) solution, warm water, diluted ammonia water, and methanol, vacuum drying was carried 
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out at 100 ** for 15 hours, and PDPyDAz (0.025 g, 30% of yield) of the object was obtained. The 
result of ultimate analysis is shown below. It is generally known that a 2,2'-bipyridine is a 
hydrate. 

Actual measurement : C56.42%, H3.95%, N23.56%, 017.05% calculated valueiCC^Hg^Oandl.^O) 
n :C56.12%, the result of HO [ N / 3.77% of / 23.80% of] 16.31%IR (the KBr method) — 3,9 - a jib - 
- it is shown in drawing 1 3 with ROMOJI pyrid [ 3,2-d:2\3'-] [f] diazepine 6-one. Drawing 1 3 
shows that the sharp peak of nu (C-Br) 1 100 - near 900cm" 1 has disappeared by polymer- 
ization in a monomer. 

[0076]Mw of this high molecular compound P-5 (PDpyDAz) was calculated from GPC analysis of 

the DMF dissolution portion, and was 2.9x1 0 3 . 
[0077]Example 12 (measurement) 

The solubility (25 **) over various solvents was investigated about the high molecular compound 
P-4 (PDBDAz) obtained in Examples 10 and 11, and P-5 (PDpyDAz). This result is shown in 
Table 6. 
[0078] 

[Table 6] 

mi& PDBADs PPpyAPz 



CF 3 COOH A O 

H 2 SO* A O 

HCOOH A O 

DMI A O 

NMP A O 

DMF A O 

DMSO A O 

CHCL $ X X 

MeOH X X 



* o rt» a -umm x *m 

[0079]It is a grade dissolved in part also to any of a polar organic solvent (DMF, DMSO, NMP, 
DMI) and an acidic solvent (formic acid, sulfuric acid) so that clearly from Table 6, but PDpyDAz 
originates in two imine nitrogen and shows good solubility also to any of a polar organic solvent 
and an acidic solvent. 
[0080]Example 13 (measurement) 

The spectrum of a visible ultraviolet absorption spectrum (UV-vis) and photoluminescence (PL) 
was measured about the high molecular compound P-4 (PDBDAz) obtained in Examples 10 and 
11, and P-5 (PDpyDAz). 

[0081]About PDBDAz, the visible ultraviolet absorption spectrum was measured in DMF and 
HCOOH, and this result was shown in drawing 1 4 and Table 7. PL was measured in DMF and 
shown in drawing 1 7 about the excitation spectrum (Excitation shows among a figure), and the 
emission spectrum (Emission shows among a figure). 

[0082]About PDpyDAz, the visible ultraviolet absorption spectrum was measured by the inside of 
DMSO and HCOOH, or the shape of film (Film), and this result was shown in drawing 1 5 and 
Table 7. PL was measured in DMF and shown in drawing 1 8 about the excitation spectrum and 
the emission spectrum. 

[0083]lambdamax of the visible ultraviolet absorption spectrum of DBrDpyAz of the monomer 
used as the raw material of DBrDBDAz of the monomer used as the raw material of PDBDAz 
and PDpyDAz was written together to Table 7 for comparison. 
[0084] 
[Table 7] 
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( X max(nm)) 



mm 


PDBDAz 


PDpyDAz 


D&rDBDAz 


DBrDpyDAz 


DMF 


345 


365 


310 


330 


DMSO 




365 






NMP 


355 








HCOOH 


320 


430 


305 


390 




420 


400 







[0085]A visible ultraviolet absorption spectrum is described. In the direction in HCOOH, by 
PDpyDAz, lambdamax is on the long wavelength side to lambdamax being on the short 
wavelength side from the inside of DMF in PDBDAz in the direction in HCOOH. Such a tendency 
is the same also in each monomer. Since two imine nitrogen and urea units exist in a single 
system, by PDpyDAz, this in HCOOH, As shown in drawing 16 , in addition to the hydrogen bond 
same A type [ the ] as the inside of an organic solvent, the new intermolecular hydrogen bridge 
by hydrogenation of imine nitrogen generates, the smoothness of a polymer chain increases, and 
it thinks because pi-conjugated system is expanded. Therefore, it is larger than long- 
wavelength-izing by the difference in the corresponding solvent of a monomer. Like poly 
(pyridine- 2,5-diyl) or poly (2,2'-bipyridine 5,5-diyl), long wavelengthHzation in HCCO is not seen 
with a high molecular compound without a urea unit. But [ so ] compared with an organic solvent, 
long-wavelength-izing does not have measurement with a film, either. 

[0086]About PL, PL peak of 455 nm and PDpyDAz of PL peak of PDBDAz was 480 nm, and 
PDBDAz was [ 0.51 and PDpyDAz of the quantum yield ] 0.34. 
[0087]Example 14 (measurement) 

The high molecular compound P-4 (PDBDAz) obtained in Examples 1 and 2 and P-5 (PDpyDAz) 
are cyclic. The voltammetry (valve flow coefficient) was measured. It carried out in the CH 3 CN 

solution (0.1mol/L) of [NEt 4 ] and [BF 4 ], and the cast film on a platinum plate was made into the 

test portion. A sweep rate is 100 mVs~ 1 . A result is respectively shown in drawing 19 and 20. 
[0088] First, when a PDBDAz film is made to scan in 0.0 - -2.0V (vs.AgVAg) as shown in drawing 
19 a, The reversible oxidation-reduction cycle which has a reduction peak in -1.4V and has an 
oxidation peak in -1.1V is shown, and each peak corresponds to n-doping of PDBDAz, and n- 
undoping respectively. Although the doping level of the 1st cycle is 1.0V, in the 2nd cycle, it 
decreases to 0.5-0.6V. 

[0089]As shown in drawing 1 9 b, in the oxidation side of 0V - +1 .5V, an oxidation peak exists in 
0.4V and 1.2V, and, probably it is thought respectively that it is based on amine nitrogen and a 
PPP (poly para-phenylene) skeleton. Most of these peaks disappears from the 2nd cycle. 
[0090]If it scans in +1.5 — 2.0V as shown in drawing 1 9 c, the reversible oxidation reduction 
peak corresponding to n-doping and n-undoping will be seen with the doping level of 0.5-0.6V of 
drawing 19 a and homotopic. However, the oxidation peak of 1.2V is still irreversible. 
[0091]When a PDpyDAz film is made to scan in 0.0 - -1.7V (vs.AgVAg) as shown in drawing 20 
a, The reversible oxidation-reduction cycle which has a reduction peak in -1.4V and has an 
oxidation peak in -1.1V is shown, and each peak corresponds to n-doping of PDpyDAz, and n- 
undoping respectively. Although the doping level of the 1st cycle is 0.4V, in the 2nd cycle, it 
decreases to 0.2-0.3V. 

[0092]As shown in drawing 20 b, in the oxidation side of 0V - +1.0V, an oxidation peak exists in 
0.4V and 1.2V, and, probably it is thought respectively that it is based on amine nitrogen and a 
poly pyridine skeleton. Most of these peaks disappears from the 2nd cycle. 
[0093]As shown in drawing 20 c, when it scanned in +1 .0 - -1 .7V, the oxidation peak according 
to an amino group to 0.4V and 0.1V and its doping peak of drawing 20 b and homotopic were 
seen. Respectively, the peak corresponding to n-doping and n-undoping has shifted for Masakata 
so that the peak of -1.1V and +0.1 V may be given. 
[0094]Example 15 (oxidation reduction characteristic) 

The oxidation reduction characteristics of the following high molecular compounds also including 
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the high molecular compound (polymer) compounded in Examples 1, 2, 6, 10, and 11 were 

compared. 

[0095] 

[Formula 16] 

N=N 



N0 2 NOa 




X -N ' n 

PBpy-diN02 



N=N 

PBC 





"N M— ^ ' n 
PDpyPD 




A 



HN NH 




N-*' /n 



PDpyDAz 



PBpy 



PPhen 



[0096]E 1 0 (reduction potential) of the monomer used as the above-mentioned polymer and its 

raw material, Epc, and Epa(s) also including a thing as stated above are shown in Table 8. 
Polymer is film state as above-mentioned, and it asks for a monomer from cyclic voltammetry 
(valve flow coefficient) as a solution. 
[0097] 



[Table 8] 




Epc 


Epa 






Epc 


Epa 


E^ 


PDpyPd 


-1.38 


-0.82 


-1.10 


DpyPd 


-1.64 


-0.60 


-1.62 


PDpyFu 


-1.50 


1.00 


-1.25 










PDBDAz 


-1.40 


-1.10 


-1.25 










PDpyDAz 


-1.40 


-L10 


-1.25 










PBpy-diN0 2 


^1.50 


-1.30 


-1.40 










PBC 


-2.02 


-1.82 


-1.92 


BC 


-1.96 


-1.86 


-1.91 


PPhen 


-2.24 


-1.98 


-2.11 


Phen 






-2.12* 


PBpy 


-2.36 


-2.00 


-2.18 


Bpy 






-2.19* 



(-1.94) b 



a Vvs.Ag/AgCl (KGlJtffitiMO 
Vvs.SCE (DMF) 

[0098]The average value of the potential of a reduction peak (n-doping) and an oxidation peak 
(n-undoping) is considered to be E^. 

[0099]EA (electron affinity) of the repetition constitutional unit (monomeric unit) which is a 

calculated value of the energy level of LUMO (lowest unoccupied molecular orbital) by MOPAC 

(parameter AM1) is shown in Table 9. MOPAC calculation was performed using the CAChe 

system. 

[0100] 

[Table 9] 
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EA/eV 


Bpy 


0.37 


DBDAz 


0.41 


Phen 


0.84 


DpyDAz 


0.88 


DpyFu 


0.93 


BC 


0.93 


DpyPd 


1.27 


Bpy-diNO a 


1.52 



[0101]The relation of E t 0 of polymer to EA of a monomeric unit is shown in drawing 21 about 
three sorts of similar polymer. Drawing 21 shows that there is a straightHine relation to E 1 0 and 
EA (E^rho^ndEA+a^ rh 0l =2.37, a l =-4.1lV). 

[0102]The relation of E 1 0 of polymer to E 1 0 of a monomeric unit is shown in drawing 22 about 
the same polymer as drawing 21 . From drawing 22 , it turns out that straightHine relations are 
shown, and the relation of E^Cpolymer) =rho 2 -E 1 °(monomer) +a 2 , rho 2 =2.07, and a 2 =2.19V is 

shown. This result shows depending for reduction ability on the electronic competence of a 
monomeric unit. However, by other polymer, probably in order to be based on the difference on 
structure, linearity was not shown. 

[0103]Next, IP (ionization potential) of the polymer shown in Table 10 and a monomeric unit was 
calculated from measurement of UPS (UV spectroscopy). This value is shown in Table 10. 
[0104] 
[Table 10] 





IP/eV 




PBpy 


5.90 


5.55 


Bpy 


PDpyFu 


5.81 


5.49 


DpyFu 


PDpyPd 


5.61 


5.38 


DpyPd 


PBC 


5.40 


5.35 


BC 


PBpy-diNOj 


5.61 




Bpy-diNO s 



[01 05] Although the relation of IP (IP M ) to the monomeric unit of polymer IP (IP p ) was shown in 
drawing 23 , it turns out that straight-line relations are shown (IP p =rho 3 andIP M +a 3 , rho 3 =2.299, 
a 3 =-6.77V). 

[0106]IP of polymer of Table 10 corresponds to HOMO (highest occupied molecular orbital). On 
the other hand, the absorption end of a visible ultraviolet absorption spectrum and lambdamax of 
photoluminescence support the band gap. The band structure of polymer is acquired from the 
band gap calculated from the absorption end of HOMO energy level and a visible ultraviolet 
absorption spectrum. The band gap calculated from EA of polymer, IP, and the absorption end is 
shown in Table 11. Band structure is shown in drawing 24 . 
[0107] 
[Table 11] 



JP.2002-284862.A [DETAILED DESCRIPTION] 



19/19 ^— 5? 



#y-r- ^<^K^y7 p %V(nm) IPVeV EAVeV 



PBC 


2.99(415) 


5.40 


2.41 


PDpyPd 


2.51(495) 


5,61 


3.10 


PBpy-diN0 2 


2.53(490) 


5.61 


3.08 


PDpyFu 


3.10(400) 


5.81 


2.71 


PDBDAz 


3.22(385) 






PDpyDAz 


2.64<470) 







[0108] 

[Effect of the Invention]According to this invention, pi conjugate polymer compound with new 
electronic receptiveness is obtained. These can expect the use as polymers functional materials, 
such as an organic electroluminescence device and an organic FET device. It can be used as 
electrochromic materials or an active material for cells. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]It is an IR-spectrum figure of the high molecular compound and raw material 
monomer of this invention. 

[Drawing 2] It is an IR-spectrum figure of the high molecular compound and raw material 
monomer of this invention. 

[Drawing 3] It is a visible ultraviolet-absorption-spectrum figure of the high molecular compound 
of this invention. 

[Drawing 4] It is a visible ultraviolet-absorption-spectrum figure of the high molecular compound 
of this invention. 

[Drawing 5] It is a spectrum figure of the photoluminescence of the high molecular compound of 
this invention. 

[Drawing 6] It is a spectrum figure of the photoluminescence of the high molecular compound of 
this invention. 

[Drawing 7] It is a cyclic voltammetry figure of the high molecular compound of this invention. 
[Drawing 8] It is an IR-spectrum figure of the high molecular compound and raw material 
monomer of this invention. 

[Drawing 9] It is a visible ultraviolet-absorption-spectrum figure of the high molecular compound 
of this invention. 

[Drawing 10] It is a spectrum figure of the photoluminescence of the high molecular compound of 
this invention. 

[Drawing 1 1] It is a cyclic voltammetry figure of the high molecular compound of this invention. 
[Drawing 12] It is an IR-spectrum figure of the high molecular compound and raw material 
monomer of this invention. 

[Drawing 13] It is an IR-spectrum figure of the high molecular compound and raw material 
monomer of this invention. 

[Drawing 14] It is a visible ultraviolet-absorption-spectrum figure of the high molecular compound 
of this invention. 

[Drawing 15] It is a visible ultraviolet-absorption-spectrum figure of the high molecular compound 
of this invention. 

[Drawing 16] It is a mimetic diagram showing the situation of the hydrogen bond of the high 
molecular compound of this invention. 

[Drawing 17] It is a spectrum figure of the photoluminescence of the high molecular compound of 
this invention. 

[Drawing 18] It is a spectrum figure of the photoluminescence of the high molecular compound of 
this invention. 

[Drawing 19] It is a cyclic voltammetry figure of the high molecular compound of this invention. 
[Drawing 20] It is a cyclic voltammetry figure of the high molecular compound of this invention. 
[Drawing 21] It is a graph which shows the relation of EA of a monomeric unit to E 1 0 of polymer. 

[Drawing 22] It is a graph which shows the relation of E t 0 of a monomeric unit to E 1 0 of polymer. 
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[Drawing 23] It is a graph which shows the relation of IP of a monomeric unit to IP of polymer. 
[Drawing 24] It is a mimetic diagram showing the energy band structure of polymer. 



[Translation done.] 



JP,2002-284862,A [DRAWINGS] 



1/12 ^— V 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 

[Drawing 1] 




8 

1 L 1 1 1_ 

4000 3000 2000 1500 1000 500 



JP,2002-284862,A [DRAWINGS] 



[Drawing 10] 




[Drawing 2] 
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[Drawing 6] 
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[Drawing 1 9] 
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P-3 

(PDpyFu) 



P-4 

(PDBDAz) 



P-5 

(PDpyDAz) 



[0026] z<Dkotefcfr*fc&m-t, smtiSM 
ittO&CT, TtaS; (3) X'Tr^t^'y^u^yi^m 30 

[0 0 2 7] 
lit 1 o ] 




Mw=2.9Xl(T 



Mw=4. 14XHT 
2. 66X10 3 



Mw=2.9XlO 




^ x 2 



(R2)k 
Z2 



(3) 



[0028] (3) ic&^t, x,, x z , r., r 2 , 

k, Yfi, it (1) tOtWilUlWtOtfcS, Zt 
Tit, CI, Br, l^mfh^o Z.ftiO'Z 

[0029] K^pyvWiM^lciLTit flfc^ 
6„ *^(^^S#JR*fc(i^*^#)i: LTi4, # 



eri-#S^g^t<, Li, Na, Kf©l 

Mg, Ca|(D2MI> T i, V, Cr, F 
e, Co, Ni, Cu^tDjl##Ji, Znf©12M 
I, Al, Gaf»13*M> Snf©14M«^ 

£ fcttt&lfl^ti^ ft 5 ftMttfc ffl <t> J; ^ (M g Sr 

rjg^j i4 6t, 6 81 (1 9 9 7¥) 

(l) lcfE*^tiT^5) „ Sfc, &mit&mt 

/^■^^ Mt&W£ if^Plf tt 3 „ r. ft C> c-lf p 

tro&ffl^Tk <fct^L, *fc2«-s/^/Ht;-§-#), 2ffi 
/n 7 v? £ Aft-a-^ £}q x.EJSm ^ ic £ ^ X Sft Z n 
t K7^^^il7cSlJSrfflV^T^$*Tt <fc</\ -go 
ft- y ^r/Wfc^&ffl v X T C -C^4(S?rff -) ¥&£ 
^©ISJrLtli^ W M¥ 6 - 4 2 4 2 8 -^CfEftCDfi 



lftfc(0^*tf FjfLSo *-f, ^JSttTtt, 50 [0 0 3 0] ZiDXytetefrX'k, Hl^fcfrlf afB- y 



X.fi\ fc'* (1, 5-->^ n^-^^^V) 
Ni (cod) 2) ©ffiffi^W^Ll'',, 
[0 0 3 1] c<DJ:5^Rj£ttx -J^f^/UA 



75 K (DMF) «©*WftKft^fcfflV^T» 6 0°Cg* 



(6) #12002-284862 
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[0 0 3 2] * (2) <Dnft*tt&® (fit, k = 0) 

[0 0 3 3] 
[ftl 1] 




~ x 1 x 2 



z 2 

+ n Ni(0)Lm 



DMF, 60"C 




Ni(0)Lm : 0fflS= 5> 

(Ni (cod) 2 1 2, 2' - f tf y £ 



[0 0 3 4] rroJ;5(-LT#f J tiSi«^f^#)(±> 
ytmftffi, faWSMx**-? (IR) ^aotBS 

3^PTh^77 (GPC) jfe(CJ;oT*:i6fcfc(0-C* 20 
[0 0 3 5] «8WO*j^Hb#*H:, tfFaSttflS* 

[0 0 3 6] *»W©*^-7-fl:^*H:x feoSEft 

NO z NO z NO z 

• _ a c MM 



[0 0 3 7] 

HI" 5. 

*#Hb3*P-2 Off!) (i?tT!> K[3,2-c:2',3'-e] 

fc$H-fls3* p - 2 * - a ^«Tt*t, 

[0 0 3 8] 



NO 



DMF, 64% 



[ftl2] 



Na 2 S 



9H 2 0 
^ 



H 2 0, 89% 



Br2/HBr 
92% 




N=N 




V 



n Br 



N=N 




Br + n Ni(0)Lm 



\ 




// — v\ 
N N- 

8 



[0 0 3 9] 1) 

1- 1) 3, 3-^=hP-2, 2' -fcffc'IJv^V 
(2) 

2- ^DP-3-^fnt°!J^y (1) (lOg, 63. lmmo 
1), N, N-v^f" AsHfiA'J*T ^ K (30cm 3 ) N fcitf 

(12g) ^100°C-C2B#M> ^-Y/U/^t 



50 



h^^-^WJJlUi (flttffiCHCl.) o KST^« 
JWUfeog (4.93g,iR*64 

%) o IRIStt, 5E*£«\ IK (KBrS) , 'HNMR 

1-2) s?iry k [3, 2-0:2', 3' -e] try ¥z?> (3) 

3, 3' ~^hP~2, 2' -fcTtflJvVl' (2) (0. 



(7) 



11 



10 



25g, l.Ommol) (7.2cm 3 ) ^tCNa.S • 9H.O 

(2. 2g, 9. 2ramol) fcj»||Lfc***:Jn*.. SSLT'4. 5f$ 
rafit^bfco w(O^SS:^nn7^/U^ (100cm 3 ) -C2[e] 

IR (KBrS) , l HNMR^J:Dffofc 0 
1-3) 3, K[3,2-c:2\3'-e]t: 0 
(4) 

i^try K[3,2-c:2\3'-e] fcf II (3) (1.6g,8.6m 

mol) , i§HBr (70cm") , fcWBr2 (41. 4g, 259mm 

01) srioo < CT*i2^w«*fufco *a*-e»»a, et» 

(2. 7 g , te*92%) D mj&4, 7u*^w, i r 

(KBrS) , 1 HNMRiC £ 5f?ofc 0 

2) K4H : ft^*P-2 : sKy (^t°y K[3,2-c:2',3' 
-e]try^^^-3. 8-^>T^) , PDpyPd 

(8) 

If* (1, n^"^^^>) ^y^r/U (0) , 

Ni (cod) 2 (0.86,3. lmmol) SrSflTfRSlDMF 

(20cm 3 ) tldPitjgltL, CltUC, 2, 2' -If 

t°yvvW (0.41g,2.6mmol) fc 1 , 

^ (1.45cm 3 , ll.Smmol) SrJP^fc 0 1 Bf 

3, S-^D^^^y K[3,2-c:2',3 , -e]e , 3 * 

N0 2 NO z N0 2 

/==< Cu 

Br ~^ vy~ Br ^ £- Br 
\_y DMF, 3S 

5 



20 



#HS 2002-284862 
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: (4) (0.41g, 1.21mmol) SrRjS*tClP*.fc 0 -t^jS^ 
#)^60-70 o CT:48B#Pp1SjS^^fe o Sifi£T*#£P^ A 
^ft«:7^-7* (500cm 3 ) {CfjPx., lttltffbfc 0 
«BiJLfc»*«:aEDTA*»»[, ftTV^T 
7k, *fi/-;i'X-m\ lOorTlS^PWHSftJIIU, s 
Ej*<0 P D P y P d (0. 154g, W70%) S:#fc 0 tcH# 
«r©8I&HTC*t B 2, 2' -t't o y^Wj^ 

*ft«t*5r t f4— Rftlcfc&;h/rv^s 0 

USHiS : C52. 23%, H4. 19%, N24. 37% 
It^ftt : (Co H 4 N< • 2. 8H2 0)„ :C52. 08%, H4. 20%, N24. 30% 
IR (KB rS) S^try K[3,2-c:2\3'-e] 

tfy^v?^ (3) *Jj;tf3, K[3,2 
-c:2' ,3'-e] fc" ]} ¥ V> 1/ 1 t fc&CH 1 H 1 

^ey^ — iCjJl/>T1100— 900cm"' ft£(?)v (C-Br) 
c7)^-v-7 M ?ifc: 0 -^/j^ 0 y^-ft(cJ; DJIMcl/C^Sr: 

[0 0 4 0] r£7)iS^ft^P-2 (PDpyPd) 
(DMw(4, DMF**SB^©GPC^*f*»Ci*»"C, 3. 

oxio'-cfcu, H^rtt* u tto. lOdLg" 1 (3o°c, 

M2 (&m 



iS^ft^P-i (#y (^/[c]W!)y- 

3, 8-vM/l") ) 

[0 0 4 1 ] 
[ft 1 3 ] 

N=N 



N=N 



Ni (0)Lm 



DMF, 60' 



[0042] 1) ^e/-^— *>frjSc 

1-1) 4, 4' -^o*-2, 2' -^bPt^ 
(6) 

DMF (100cm 3 ) ^<D\ t 4 - *J7u ^- 2 I- 

(5) (12g,43mmol)Srffl^P (8. 2g) it 

^f^v-1/1) 0 KffiT-e*E»ftHU, fS^!6% 

(3. 32g, iR*39%) 0 1513614, 5E*£*r, 
IR (KBrft) , 1 HNMRtdJ: DfTofco 
1-2) 3, 8-^P^/[c]^;!Jy (7) 
4, 4-v J :/n--E--2 J 2' -^FPt^x^/V 

(6) (1. 2g, 3. Ommol) , K7^^-f^ (50 cm') ft 
it^V-tfV (50cm 3 ) £, K5>f^— TVl' (70cm 3 ) t 

L i A l H4©fi£ttlc2rax.fc cl Sa-C2«FW8HfU 1 



Hftfe^attfttWfc (0. 88g, HX*88%) 0 7C 
40 *^4ff, IR (KBrffi) , 'HNMRtigLfeo 
2) fii^f t^t) P - 1 :*°y Hy/[c]w^y 
-3, 8-^;W) , PBC (9) 
\?X (1, 5-^n**?^» =s^5r/l' (0) , 
N i (c o d) 2 (0. 72, 2. 6mmol) Sr^fiT'ftjftDMF 
(20cm 3 ) trtitggtl, rtltC, 2, 2' -fcT 
Wiz/V (0. 34g, 2. anmol) tl, 
31 > (1.3cm 3 , 10.2mmol) SrJPx.fc 0 1 B^FflJf 

3, v-vy y y (7) (o.35 g , 

l.Ommol) SrHiS^^JPXLfco -?:(O^%^60-70 o CT4 

50 8«piBSJSs*fc a msmzry*- 



(8) 



13 



T* (500cm 3 ) KJBtL, llftlf#Lfc 0 HSUUfc©**: 1 
t?afeV\ 100°CT15B#ffiX^$^t, SWIlOPBC 

Hfflffi: : C74. 78%, H4. 63%, N13. 79%, BrO. 0% 
fhJMt : (C12 Ho N 2 • 0. 85H* 0), :C74. 49% H4. 01%, N14. 48% 
IR (KBrffi) ^fe*Sr s 1, 4-^n*-2- = 
hn^yfy (5) , 4, 4' 2' - 10 

^Fnt7x^ (6) fciU?3 f S-^n^y 

/[c]i/y/yy (7) i4:fetHit*to Hi^fc 

^•/-e— ICfrl^TllOO— 900cm" 1 (C-Br) 

o <y -t - 7* ft br- * 3»s *° jj - ft [c ± d l t i ^ c 

[0 0 4 3] (PDpyPd) 
OMwfi, DMFllSM^GPCMHWT, L* 



[0 0 4 5] Htt0O4 «) 30 

mmi, 2-c#e>n3tis^ j ?-ft^p-2 (PD Py 
pd) , p-i (pbc) eo^t, prajR^Kflx^^ 

9 bA> (UV-vis) , xfc h/US^y-fe^* (PL) (7) 
[0 04 6] PDpyPdlCOl/^l DMF, HCO 

fib®*^ Y;V Excitation X^ir) £38 ft*'* 

? h/U (la*, EmissionX^i") ^o^TH 5 (C;^ L, 
^[Clmax^Lfdo 40 
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64X10 4 Xfoofc a 
H»J3 (SO© 

IWl, 2T#&ftfci5^ffc£*P-2 (PDpy 
Pd) , P-l (PBC) [COl^T, «4r<0»JSEtS*+ 
5*«ltt (2 5°C) SrP^fclt**:* 1 Sl± 
0, PDpyPdtt, DMF, ^/>*/I^*'> K 
(DMSO) , N-^f/^2-t°n!ji//y (NM 
P) , 1, 3-v^/U—2--f >>> (DM 

I) (Dj:5*m*«^t#UTtt-»»»U =¥ 

tlt/^M^t r*tfc»U PBCte, Nfci^ft 
PDpyPdf^<X 

Fflx l>7t Kn7 5yefc5o 
[0 0 4 4] 
[*1] • 





PDpyPd 


PBC 


CF a COOH 


A 


AA 


H 2 S0 4 


O 


A 


HCOOH 


O 


A 


(CF^CHOH 


X 


X 


DMI 


AA 


AA 


NMP 


AA 


A 


DMF 


AA 


AA 


DMSO 


AA 


A 


THF 


X 


X 


CHC1 8 


X 


X 



AA **jg# x 

[0 0 4 7] PBCCoV^ft DMSO, HCOOH 
*5«tO*2fc:*U*:o PLttDMSO^-eai^U 
^mt^^maxgr^Lfc: 0 

[0 0 4 8] \m.<Dtzt>, (1, 10-7x 

ty]>oyy-3, , PPhen^ 

/U) , PH* P h^-r— *£*2 M£ff5L/fc 0 
[0 0 4 9] 
[*2] 



(9) 



15 
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UV-vis M 


PL 








A. max(nm) 




X max(nm) 


uv 


PL 


N=N 


435 


(DMF) 


495 


500 


2.5 


2.5 


PDpyPd 


370 


(HCOOH) 


460 


500 


2.7 


2.5 




350 (DMSO) 
310,370 (HCOOH) 


415 
390 


447 
380,398 


3.0 
3.2 


2.8 
3.1~3.3 




361 


(NMP) 










PH 2 Ph 
















382 


(HCOOH) 


410 


413 


3.0 


3.0 


PPhen 















[0 0 5 0] ig»*4MftiK*'<* h/vto^T#*i-5 
PBC, PHiPhCo^Ttt, tf7ai=/U*{fecfJ 

(DPDpyPD, PPhen/j^Dhyft^tl^fcfe^ 
MFtm PDpyPdtt, C:<Oj;5*ft#l**« s # 

[0 0 5 1] PLKo^Ttt, PDpyPdft PBC 

h/KORlWH*5j:t?PL Umax) -tfrWu f+ 30 

»Lfc/<^K^>^7 P ?r^2^Lfc:/j\ PDpyPd 
^ V K =¥ * y fcJfc^T 0 . 5 eVgjg/h 

[0052] mum s (as) 

SWfc«l, 2T#^tl5tiS^{t:^P-2 (PDpy 
Pd) , P-l (PBC) (DlM^yy^ 
MJ- (CV) ^iiJ^^fTofdo [NEti] [BFi] 
(DCHsCNmW (0. lmol/L) ^"CffV\ S^^b 

*1~ a E4> a ) tt, #§li£j*^5 OmVs"' t?fc 0 , 40 
b) , c) filOOmVs" 1 T*fct)> *=fr-F — V^fS, 

a) tt 2 . 3 2. IV (vs. Ag + /kg) , b ) , c ) 

\t0 2. 5V (vs.Ag/Ag) C0iBfflTlTofc 0 & 

fc\ a) M*H"J:5l^ Rf3Kfe (dark 



brown) (brown) <flfe<A^fc#^ki'Lfco 

[ 0 0 5 3 ] m 7 c ) <fc 9 , PBC7^Mft, «T«W 
^Kfkil^^^^^^U, M^t:"-^ (Epc) , m 

(Epa) ft, **L*ft, ~2. 02V, - 
1. 8 2V (vs.Ag/Ag) T'fot), rfrfc^— *f±P 
BC(Dn-K-tV^tn-Rl— tV^tJStt^ 
So — PDpyPd7^Mlt 0—2. 5V 
(vs.Ag/Ag) <D^^=-y^X\ n-K— 1°>-^ n 
-^}<-t°>-y{m!&1-&¥-?%l. 3 8V, 0. 8 
2V (vs.Ag/Ag) |Cfco:t^5 D ^tL^CO^^: 
J&>&* PDpy PdltPPhe n (t!SS30Epc# 
M) % PBCW^t, m9iSL#**ffit2fl^fc 

— PDpyPdlCoV^-2. 1- 
+ 2. 3 VCDtefflTSUSLfcCVT^ 3©|^O5l7ct 0 
— ? (-0. IV, -0. 6V, -1. 3Vvs.Ag + /A 
g) HHfrhtlZAK -0. lVfc-0. 6V<D\f>-9 

1. gVftffi^p-K^^PDpyPdCOp-KK-t: 0 

[0 0 5 4] ^f^ttftt, PDpyPd, p 
BC, PPhen, fcitfP B COJS^i: 
-C&SBC, PDpyPd^lgf^/^^/^tfeS 
DpyPd(DCVf u ^^3C4W5o Ei°tt«5c 

«£-cs>s„ 

[0 0 5 5] 
[*3] 



(10) 



17 



(0 



-2.5 -» OV) 
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mvmitw&y vs. Ag + /Ag <ch 3 cn) 




Epc 


Epa E,° 




-1.38 


-0.82 -1.10 


PDpyPd 






N=N 


-2.02 


-1.82 -1.92 


PBC 








-2.24 


-1.98 -2.11 


PPhen 






N.N 


-1.96 


-1.86 -1.91 


BC 








-1.64 
-2.34 


-1.60 -1.62 
-2.15 -2.25 


DpyPd 







iB4^Hb-e*p-3 (#y (i^bfy KB^-b^'.y-d] [0057] 

N0 2 NOz NH 2 NH 2 

/==W=V S " C1 * , \ / . 

VN " - - conc-HCl, 60^ ^-N N~ 



-N 



N- 



NaN0 2 /aq-l 




n Br 



[0 0 5 8] 1) <Z)£j£ 
1-1) 3, 3' -^7$y-5, 5' 

2, 2' -tTy^y (2) 

5, 5-^0^-3, 3' 2' -tf 

t°!J i/y (1) (4. 60g, 11. 4mmol) Sr. SnCh • 2H 2 
O (24. 5g, 106mmol) <7)jgH C 1 (40cm" ) JgiKtCjPX., 60 
D CT*2^jf#Lfc 0 *«flWU 20%NaOH* 

^> !J # ^/P* 7A?D-?h^77>f- (Mt£0 ^ n * 
Wfetlfc (3. 88g, IR*99%) . tE*#W\ IR 



(KBrS) , HNMRlCiilfrofc. 
40 1-2) 3, 7-^P^^^yK[3,2-b:2' ) 3 , -d]7 
7^ (3) 

3, 3' -i?T i/-5, 5' -^^^-2, 2' - 

(2) (0. 52g, 1. 5mmol) Sr 8 0%=¥^ (2c 
m') tC*#U ^*UC 0-5 u CT\ SfiKK (1.5cm 3 ) 
0>N a NO2 (0. 15g, 12.2mmol)ffi®SriftTUfc„ CKDifi 

U O^T'l O^IHfltftLfc. 20%N 

50 W7^^7|^ f 77^ (SH9J^PP*M) 



(11) 

19 

W&flfc (0. 12g, iR*25%) „ BUett, IR 

(KBrS) , ! HNMRCJ: «9frofc 0 
2) (*°y (-^t°y K[3,2-b:2',3' 

-d]77>-3, 7-vMA-) ) , PDpyFu (4) 
tr* (l, %-*s9xiit*t9\?^S) ~y*r)\s (0) , 
Ni (cod) 2 (0. 25, 0. 91mmol) S:lfi"(fftllDMF 

(20cm 3 ) fldPitiftiL, rtUC, 2, 2' - f 
fcfy^/U (0. 12g,0. 77mmol) tl, 

(0.43cm\ 350mmol) £APx.fc a 10#«8M£, 3, 10 
7-i?7T2*i?\f}) K[3,2-b:2',3'-d]77V (3) 

(0. 114g,0.35mmol) SrRj£^KJPx.fc 0 *^ft^»*:6 

o-7o , ct?48i*niRj£**fco sas 

^7y^7* (500cm 3 ) (Cjpx., lBfejfi$Lfc 0 «gu 
LfcftSSrSEDTA (EDTA • 2K -2H 2 0) Jft 

tR, #t^^ttK^ y ^y— ^T?i5fev\ ioo°cti5b# 

IBJtffilOIkU I^PDpyFu (0.44g,lR*75 
%) 7E*£Wo»**:#Tfc*1\ fc*s, 2, 

2' -tf t°y tt«i»cftifcix 
TV^So 20 
UPHB : C64. 11%, H3.49%, N15. 14«, 014.20% 
ttJHt : (do Hi N 2 0 • 0. 95H* 0)„ :C64. 25%, H3. 18%, N14. 9 
9%, 016.69% 

IR (KBrjfe) (Df$3ki:, 3, 7 - v^P^-v 5 ]} K 
[3,2-b:2',3'-(i]77>'t i: fcH 8 fcl*1-„ @8^^j 
^&^T1074cm~ 1 ttifi<Z)v (C-Br) 0»^r 

[0 0 5 9] r^ffi^-f-ft^tJP- 3 (PDpyFu) 
^Mwll, DMF»jmB^©GPC»ffa»&#»T, 2. 30 
9X10* "Cfoo/^ 

[0 0 6 0] lHJfe«7 (ffljt) 
HJ6«6-eWfetbfcili^b^*P-3 (PDpyF 

u) tco^x, a*©#||;Ki»i-5»»tt (2 5°C) £ 

[0 0 6 1] 

1*4] 



mm 


PDpyFu 


CF a COOH 


A 


H^O* 


O 


HCOOH 


o 


DMI 


X 


NMP 


A 


DMF 


A 


DMSO 


A 




X 


CHC1 3 


X 


MeOH 


X 



[0 0 6 2] PDpyFull DMF, DMSO, NM 50 
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[0 0 6 3] njt^j 8 mm 
mmm&TmhHtzm^it^p-'d (pd P yf 

u) Kol^T, T$&£WWBLX'<9 (UV-vi 
s) , fcbsl'l*'yt>?- (PL) OX^? h/K^Il^ 

trfrofc. 

[0 0 6 4] PDpyFulCo^TB, DMF, HCO 

H9*SiUW5fc*Ufc. PL 14, DMFtT-S'J^L, 
flig*^ Yfr (0<f\ Excitation T-^-f) i:^3t^-< 
i> h/V (If, Emission "C^i") (CoV^THl 0 Id^: 

«\ PDp y Fu W^/T-JfU|SK"&3Dp y F u t, 

(2, 2' 5' -vM'/U) PBpy 

[0 0 6 5] 
[*5] 





PDpyFu 


DpyFu 


PpyJrPBpy 


DMF 


350 


310 




DMSO 


350 






NMP 


355 






HCOOH 


410 


330 


370 


H^O, 


385 








395 







[0066 1 PDp y Fu©BTH3(6^ftJR^-<^ h/KO 
A maxttDM F * ± J&Sfttt*flO tftoW 

& 0 ¥**0Umaxf4^ Ppy^PBpyiHftSfi 

[0 0 6 7] Sfc, DMF^Trll, PDpyFu(Z)I|f 
tft^^/^DpyFui^ft PDpyFu^* 

&*«c^tU W«»Jft c PJ:5tft 

[0 0 6 8] PLiCOV>Tfl s DMF^OP L ^ ft 
4 0 0nmTfc^ 0. 8 5(Ci5^i?W 
0. 0 1) <D#fi»#JiM»&*t<5. iW^PDpy 
FuSO. 4 2^a»fc5<D* J FJR* (R#*0. 05) 

[0069] *»j9 awe) 

6 T» fcftfcffiSH^b^* P - 3 (PDdyF 

u) <D-f4? l Jv? sK/v^^^by- (cv) (Dfflfe 

Srffofco [NEt«] [BFi] OCHiCNSR (0.1 
Omol/L) ^fiV, a^^-bi^^Xi^^M 
^SteWSt Lfc 0 »9ia*f±l 0 OmVs" 1 X*hZ> a Jg 

$k%m 1 1 K*-f . 



(12) 
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[0 0 7 0] Hi 1 a) E*S*L5J:5K:, PUp y F 
uyjjUM^ -1. 5Vt-2. 2 VEil^t: 0 -^ 
-2. OVi-1. 8V (vs.AgVAg) 

-2. 4V©X^^^at il^fcWte, PD 

V, 0. 2V) &£ZPn-MV-t°>y{cMfcLX^ 
% o J; b*—¥>yi"<M$0. 6V-C&5 

*\ »2iM'*/i'J; 5 t o. 2-0. 3V/hS<4ot 
l/>5 0 111 a) K*$ix5£5^ 0. 0~ + 

2. ov«iMk««t?tt, BMbtf-^asi. svti. 

11c) +2. 0 2. 4V (vs.AgVAg) CO 

^^'V-^^lfoTl^jj5\ -2. 2V|:fc5S2W* 
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Br 



Cu 



1 a,b 
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<ftoW6 B -1. 5V©iKDn-i-tV 

ft[4+0. 5, +1. 4V(Dfc^M{k\i 0 —?icm&l<X 
[0 0 7 1 ] 1 0 

Mfrf-tt&toP-* (* u y (^yyT^i-aa'j'-f] 

-est-. 

[0 0 7 2] 
[ft 1 5 ] 



S11CI2 



conc-HCl, 60*0 



n Br 




H 2 N NH 2 



DMF, ref ulx 




HN NH 



n Ni(0)Lm 



DMF, 60^ 




-X X- 

5 a,b 



ff 



a : X = CH 
b : X = N 



[0 0 7 3] 1 ) ^/-? — (D&f& 
1-1) 4, 4' -^^^-2, 2' 
(2a) 

«I«2©1-1) t^«iCLT^J*Lfc 0 

1-2) 2, 2' »i/7? y-^n^tr-yzen^ (3 

a) 

4, 4' -v^P^-2, 2' -^nhPt*7x^ 
(2 a) (2. 8 g> 7.0mmol)&, S n C 1 1 • 2 H* O (15g, 
6. 5mmol)(D|iHC 1 (30cm 3 ) ^ffi(l*0X.fc o r<Djg^ 

*«:60 , C-e2«FlBJt#Lfc. Lfcft, S# 

K»2«N a OH*««t7^* lift U 

*E«fc 5#*39«^ofc»fe»BW«<D»*as#fc (2.1 
g ,lR*87%) D 3G*#tt\ IR(KBrS)/ 

HNMRCi ^ffo/Co 



'V*[2, l-d:l',2' -f]^ 



1-3) 3, 7-^^n^-> 
Tif t°>--6-^^ (4 a) 

2, 2' -^7^7-4, 4' -^'n^t7x^ 
(3a) (0. 51g, L 5mmol) t (0. 30g, 5. Ommol) £DM 

f d5cm 3 ) {cm*., vmmmu^tza r<z>a^**» 

fPU * (10cm 3 ) "CflrS?Lfc.o U ** 

fc (0. 52g, IR*95%) 0 |HJ!&4, 7G*#ffi\ IR (KB 
rS) , 1 HNMRlCfc 5fT ofc 0 
2) (^^/[^l-da'^' 

, PDB 

DA z (5 a) 

bf* (1, S-i/9ui!r*9i?x->) —y'rA' (0) N 
Ni (cod), (0. 93g, 3. 4mmol) ^Sfit^iDMF 
(40cm 3 ) *EJP*.-C*jKfcU 2, 2' - fcf 

fc° U vvU (0. 47g, 3. Ommol) il, 5 — is 9 D ^ ^ 
50 (1.7cm 3 , 14mmol) SriB^fc 0 10^fl« 



(13) 
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3, 9— v ? yc3--ev>^<^y P ^T-^t: u V— 6—#> (4 
a) (0. 50g, 1. 4mmol) %RfcmzMZ-tz 0 %<Dm&%> 

Sr60~70 f c-e48^pw®6**fc o ffla*-c»»f*, 
■(bSrry^e^r* (5oocm 3 ) (esq*., iBfcJt^Lfc 0 a 

BaLfct&5fc*fiEDTA(EDT • 2K + • ZEtO) fi 

frT^^r*. ^^/-^t?ftv\ looTc-eiBi* 

WX£ft*U Iftft^PDBDAz (0. 26g, 42*91 
%) 5c«^W^«*«:KT^*i-. 
HaifflC : C72. 58%, H4. 97%, N12. 73%, 09. 16% 
ff^ft : (C w Ha Nz 0 • 0.41H 2 0)„ :C72.42%, H4. 12%, N12. 
99%, 010.46% 

IR (KBr$) CO^*£, 3, 9 - i?zfu ^e^V/ 

i?T^tr^-6-^-^i:i fcfcHl 2lc^-f 0 112^ 

fj^ey -e— lCfcl/^T1100~900cm _l frfiS^v (C-B 

[0 0 7 4] r(7)iS^^t^P-4 (PDBDAz) 

: 6<D2m<D&m^b)n, Ztl\£ttl&l>Xl. 14X 
1O 3 &J;02, eexio 3 ir*»^Hfc 0 

[0 0 7 5] H»W 1 1 

iS^^k^p-s : #y (^tru K[3,2-d:2\3'-f] 
1) 

1-1) 3, 3' 5' -^P-t- 

2, 2 ' -trtry (3 b) 

§SJS«6^1-l) fcW«fcLT£tffcLfc. 

1-2) 3, 9-^yni^^t: o y K[3,2-d:2',3'-f]^ 

7 if fcfV-e-rtV (4b) 

5, 5' 3' -i?T I /-2, 2' - 

trtry^V (3 b) (0. 18g,0. 52mmol) t St* (0. 22g, 3. 
7mmol)£DMF (5cir. 3 ) J^JOx., 12Bf Pe^St L/c 0 1<D 
jl^ft^U * (10cm 3 ) T*#S^Lfc 0 ifcIS#fei£« 

»*is#fctbfc (0. 19g, JR*10W) o l^^tt, tu*^ 
*jf, IR (KBrS) , 'HNMRia^fTot 

2) (*°y c^t°y fhh:?^' 

-f] i/THVls~ 3, ) , PDpyDAz 

(5b) 

tr* (1, 5-v^p;*^v^v) (0) , 

Ni (cod) 2 (0. 28, 1. Ommol) JrlST^lDMF 
(15cm 3 ) ^KJDiT»»Ei:U -jxtc, 2, 2' - 
trjJ^/U (0. 14g, 0. 9mmol) fc 1 , S-v^n^^v? 
(0.51cm 3 , 4.1mmol) ZMX-tz 0 V&WlWfflk> 

3, K[3,2-d:2' ,3'-f] i?TH t> 
(4 b) (0. 15g, 0. 41mmol) ^rS/E^lCJOx. 

fc a ^(D^tl5r6O-7O o C^480#F^R^^^o Sffl* 
8^*4:7^-7* (500cm 3 ) (CjPx., 1 
JMf # Lfc. H9J Lfc»**tE D T A (EDTA • 2K • 2H 
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20 
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io) a*, #t^^t*, y ^ y -^xm 

\,\ 10tfC^15«FlBllffilS*b, I^FDPyDA 

z (o. 025g, iR*3«) £#fc a 5g*£W©S**KTK: 
ftfc\ 2, 2' -b'tr !i^vas*ft*-efc5c:i 

mWM : C56. 42%, H3. 95%, N23. 56%, 017. 05% 

thUtt : (Cn Ho N< 0 • 1. 4H2 0)„ :C56. 12%, H3. 77%, N23. 80 

%, 016.31% 

IR (KBrS) ^*3r, 3, 9-^n*^tryK 
[3, 2-d:2' , 3' -f] i?TH 6-tyi:i:fctai3 
\Ctf-$- 0 mi 3fl^^/^ — tC&l^TllOO^OOcm' 1 ft 

tSkdv (C-Br) (Di/-r-y p tj:\?-?fj^y^--{t\c 

[0 0 7 6] rcoffi^ft^tlP- 5 (PDpyDA 
z) (TDMwfi, DMF**ffi5^GPC#Wa>k#» 
T, 2.9X10 H -Cfcofc 0 

[0 0 7 7] H*$U 2 («Jg) 
HffiflllO, 1 l-C#fcJxfcJS^ : fft^*P-4 (PD 
BDAz) , P-5 (PDpyDAz) fcO^T, 
^»«E^SH-5*«tt (2 5°C) SrW'<fc 0 r<^S£ 
* 6 tC^i" 0 

[0 0 7 8] 

[*6] 



30 



40 





PDBADk 


PDpyADz 


CF 3 COOH 


A 


O 




A 


O 


HCOOH 


A 


o 


DMI 


A 


o 


NMP 


A 


o 


DMF 


A 


o 


DMSO 


A 


o 




X 


X 


CHCt, 


X 


X 


MeOH 


X 


X 



50 



* o ri» a ~i$mm x *m 
[oo7 9] *6a»e>B&a*ftj: 5ic 

(DMF, DMSO, NMP, DM I ) , ft&jffiK (=¥ 
/j\ PDpyDAzlt 2fi<7)^ ^ VM^tcSHHLT, 

[0080] 1 3 mm 

«10, 1 lX^^tltzM^it^P-4 (PD 
BDAz) , P-5 (PDpyDAz) ^o^T, pTSI 
SR^IRIR^^^ (UV-vis) , ^h/u^^y-fev 
^ (PL) h/vwaiSSrffofco 
[0 0 8 1] PUBDAzlCOV^ft DMF, HCO 

181 4*3±t«S7H»Ufc. PL He, UMFft« 
L, BS^-<^ h/U' (lai 3 ^ ExcitationtfSI-) fc»3t 



(14) 
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7s*<2 b/U Emission tr^i") KoV>TBl 7 (C 

[0 0 8 2] P D p y D A z (COV^Tf3\ DMSO, H 
COOHtfcSW^M (Film) ^"CWajR^RiR 
bAr&M&Ls r<Oift*S:iai 5*5iW*7K* 
Lfc 0 PLI4DMF"p-e«jeU BiE*-'** Wi'fcSift 
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* [0 0 8 3] ft;fc\ JtiKofctf), PDBDAz^i 
fti^/^DBrDBDAz, P D p y D A z <D^> 
fttW^y^-WPB r Dp y A z © ^SRflJRlK* 

[0 0 8 4] 
[*7] 





PDBDAz 


PDpyDAz 


DBrDBDAz 


DBrDpyDAz 


DMF 


345 


365 


310 


330 


DMSO 




365 






NMP 


355 








HCOOH 


320 


430 


305 


390 




420 


400 







[0 0 8 5] W&&f\%XL*'<9 lwico^T3*-<5 a 

PDBDAztlt DMF^J: *9 HCOOH^W^/jU 
maxaSfitt*ftlfcJteoTl^5<OtC*|-U^ PDpyDAz 

So rtltt, PDpyDAz^ 2fi^;yiii 20 

t)**<ftot^5„ *°y (t°y^^-2, s- 
*M;v) (2, 2' -trtry^v-s, 5' -v* 

[0 0 8 6] PLIIO^ttt, PDBDAz^PL L u — 
?B4 5 5 rim, PDp yDAzOPLt°-^tt4 8 Onm 
"CfctK ifWS, PDBDAz^O. 51, PDp 
yDAz^O, 3 4T'i)ofc a 
[0 0 8 7] 1 4 

2-Cff&*lfc*^fl2#*P-4 (PDBD 
Az) \ P-5 (PDpyDAz) <D-f4*!)y? # 

MJ- (CV) ^aSftfifofc. [N E 1 4 ] 40 
[BFi] (DCHaCNjSft (O.lmol/L) ^T^Tl/\ 6# 

afflCttl 0 OmVs" 1 -e*5o »*«T#*iai9, 2 0tC 

[0 0 8 8] Jf, 019a) fc*Sjh,5<£5M, PD 
BDAz7^/VA|i0. 0 2. 0 V (vs. Ag + /Ag) 

V, ®Ht:fc u -^£- l . l vt«FOBriS!Wft*ft«5c* 
-T^/l^^U f^llPDBDAzOn-K^-^ 



<D K— tr^l^/Mil . 0 VT^5^ SI 2 (DIM ^ 

[0089] 019b) M^SitSJ; 51^ 0V- + 
1. 5VW|fcfb«-Ctt, Sftltf-^ttO. 4Vtl. 2 

vices u js*&<, r^i*tppp (# 
y/^7x^uy) #*KJ:5 4:#;i&*L5. !S2<7)f- 

[0 0 9 0] Hi 9 c) [CTjkiStlZi. 5fc, + 1. 5- 

-2. o vomm-cx^-v^tst* eii 9 a) t mt 

gcoo. 5 — o. ev^K^tv^v^/i/ttyc, n 

SiTtf-^^^ixSa L36*L*3jSfe, 1. 2V(Z)IWb 

[0 0 9 1 ] El2 0a) t*Six5J:5K, PD 

pyDAz7^fMtt0. 0- — 1. 7V (vs.Ag + /A 

g) <Dmm-?x* j r>£ititb£, m%\i a -?$:~i. 

U #t°-^iPDpyDAz^n-K- 

-Y^-ettO. 2-0. 3VC«^t^o 
[0 0 9 2] H20b) {C^StlS <fc 0V- + 

1. OV^ggftftiJTit, BMfctf-^ttO. 4VM. 2 

vicars u 7-;yii^yey^ 

^#»lcJ:5£#*&ixS- ^2^^;^^ll r 

[0093] g| 2 0 c ) jc*£ft3 <£ 5 + 1 . o - 
-1. TV^KIT^ + t^tSi:, 0 2 0b) 
goo. 4Vio. l vict * /Mick&mikt 1 '-? t 

hkk— tf^icwsi-s^-^tt, -l. iv 

[0 0 9 4] HJfiW 1 5 (»fk3t7c4«M4) 
**^Jls 2, 6, 10, 1 l-e^J*LfcK4^fft-&* 



wtefcJtiftLfc. 

[0 0 9 5] 
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NO z NQ 2 

' b 



N 

PBpy-diNCh 



PDpyFu 



PBpy 
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* [ft 1 6 ] 



* 



_J° 2 L 2 / N=N \ N=N 

-(CH>„ -(CK»-. CH»; 



PBC 




PDBDAz 



PPhen 



PDpyPD 



A 



HN NH 




-N N— ^ / n 

PDpyDAz 



[0 o 9 6] UE^^t^t-a^Ts ±E3«y^-t J E-^ 20* (cv) *»e>*ftfcfc<0"t?&5 0 
JSWt^^^/^-^Ei 0 (»7C«ffi) tEpc, Ep [0097] 





Epc 


Epa 


E^ 




Epc 


Epa 




PDpyPd 


-1.38 


-0.82 


-LIO 


DpyPd 


-1.64 


-0.60 


-1.62 


PDpyFu 


-1.50 


-1.00 


1.25 










PDBDAz 


-1.40 


-1.10 


-1,25 










PDpyDAz 


-1.40 


-1.10 


-1.25 










PBpy-diNO £ 


-1.50 


-1.30 


-1.40 










PBC 


-2.02 


-1.82 


-1.92 


BC 


-1.96 


-1.86 


-1.91 


PPhen 


-2.24 


-1.98 


-2.11 


Phen 






-2.12* 


PBpy 


-2.36 


-2.00 


-2.18 


Bpy 






-2.19" 
(-1.94) b 



a Vvs.Ag/AgCl (KC1&*P}§$0 
Vvs.SCE (DMF) 

[0 0 9 8] Mitt:-? (n-K-tT^^) tmit^- 
[0 0 9 9] MOPAC (/N7^-^-AMl) 

lumo (gtf&mWim <n^*;v^us<jv<D^m^ 

£*9Ul^1- 0 MOPACtHttCAChe^ 

[0 10 0] 
[*9] 



EA/eV 



40 



Bpy 


0.37 


DBDAz 


0.41 


Phen 


0.84 


DpyDAz 


0.88 


DpyFu 


0.93 


BC 


0.93 


DpyPd 


1.27 


Bpy-diN0 2 


1.52 



50 



[oioi] 02 it, s{a<D3ffi<7>#y *^-icoi/> 

&*-f 0 H2l36>fo, Ei° fcEAfcfcfi*B8«jS s &5- 
tfcfrfrZ) (Ei' = pi -EA+ai, pi = 2. 37, 
ai=-4. 1 1 V) o 

[0102] @22C, 021 iH3flltf)/Ky tOV^ 
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2. 07, a, = 2. 19V) <OB8fil£^1"o -^S* 

[0103] jsfcfc, *i o(c^i-/Ky^-t^/-^-* 
tt©ip Mt>tffy^t^) £ups (#^## 

[0 10 4] 
[Si 0] 



IP/eV 



PBpy 


6.90 


5.55 


Bpy 


PDpyFu 


5.81 


5.49 


DpyFu 


PDpyPd 


5.61 


5.38 


DpyPd 


PBC 


5.40 


5.35 


BC 


PBpy-diNOs 


5.61 




Bpy-diNO a 
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* [0 10 5] 0 2 SIC, *y-r-IP (I Pp) <D*S 
^-^mcMirZ) IP (IPO ©BWR*:*Lfca^ E 
iRBI«**i--4:39 s fc^5 (IP.- = P3 • IPi + a., 
p a = 2. 2 9 9, a 3 =-6. 7 7V) 0 
[0 10 6] *1 0O*!lv-O I P&, HOMO (* 

fflfattt, H OMOx^/U^- ^ t pJSM»^^ 
frSo #!i^EA, IP, KJR»*»fe»H|£tfc/<^ 

[0 10 7] 
[*1 1] 



^K^y^ B /eV(mn) IPVeV EAVeV 



PBC 


2,99(415) 


5.40 


2.41 


PDpyPd 


2.51(495) 


5,61 


3.10 


PBpy-diN0 2 


2.53(490) 


5.61 


3.08 


PDpyFu 


3.10(400) 


5.81 


2.71 


PDBDAz 


3.22(385) 






PDpyDAz 


2.64(470) 







a ©rajs (M®!m<Si<v.x'W ww ^e-eoai-wi 
b mm® 



[0108] 30 

ffl^W#T'#5o hn? d 5 yVWPc*? 

[12] ^m^^l-it^mt^n^M^/^-ni 

R*s<9 h/M2T?fe£„ 40 
[0 3] #*H©iSi$mt^«^#*»JK*' < * b 

[04] *^<0«^f^#iOpIII^J;Jt5lx-<^ h 

[ H 5 ] ©AS ft-a-feco* h 5 * v -fe w 

[0 6 ] 5 * s/-feV*tf> 

[0 7 ] *H^©iS^ft^©f-'C 9Vv9 ~y 
* MJ— 0T*fc5„ 50 



[El 8 ] immnWifl-^ynh ^offfrey-r-w i 

[19] *mm<n&ft?ik&yoconi%Lmft-<&®.x'<? i- 

[010] JWSHOiK^fb**©* YAsX*?*** 
[011] *«BJ<73iS^T-fk^ci^^ 9 V v 9 
[01 2] ttSMrojIii^Hk^lfcir-toW**^^-© 

[013] ^wwju^fk^tt^-t^JSW*/^-© 

I RX-<? l-/w0T"fo^„ 

[014] ^PjroK^ft^roBT^^iOi^^^ 

h/u0-?fo&„ 

[015] 

[016] ifWm^l-^m^m^nn^yp 
[0i 7] ^mroiS^-f-fk-g-^iro* b/i'^sz-fey* 
[018] ^BJcS^ft^c* Ivu'^sz-irv* 
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31 32 
<DXs<? b^MX-hZ* * 10 2 2] *°U "7— ©E,' IcMI-S-t/^-^-fiWE! 0 

[019] 7ffi9HDft4&-{k&m<DV<< y roM«4r^i-^7 7T*&S„ 

V^MJ-0T-fcS„ [0 2 3] *"!JT-©IPWt5--t/-7-fe©IP 

[02 0] *%m<OMfr?<k'£-V>)<Z>-y-'( 9 y y^#>? <0M#Sr*1-^7 7-C*fc5 0 

V^by-0-efcSo [024] y -r-© i^/i^-^ K»itS:*i-SEft 

[02 1] tfy^-«E. V#1-£^/^-¥&©ea 0-t?fc^ o 



[01] 



[010] 




8 





Excitation 




( 350 400 




M Emission 


1 


I PDpyFu 



200 300 400 



500 600 



4000 3000 2000 1500 



1000 500 
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[0 3] 



[04] 




[05] 



M 

m 




-r- 1 r 

300 400 S00 600 



[06] 



[0ii] 








9 I MnA 










-2.2 




b) 


J OJnA 




c) 


-IJJV 

-ZljU«^ - 


uv ^ 

0.5 












,{ 1 _i ... 



300 400 500 600 



■ 1.0 0 1.0 

*tt/V(vt.AKVAB> 



[0 9] 



[014] 





[Hi 5] 







i \ DMF 


Film 


O HCOOH 








■i y 




OJZ 






400 «»/ 




0.1 














POpyOAz 










/- 


1 ' 


■ i 



-J 1 1 I l_ » 

280 300 550 ' 400 450 500 550 600 
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[0 8] 




4000 3000 2000 



1500 



1000 

attfc/cr 1 



m 



500 
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[Hi 7] 



Excitation 



Emission 



PDBDAz 




-i *t-* r t — 

300 400 500 dOO 



[HI 8] 



1 9] 



PDpyOAz 




» 



! 



300 400 500 600 700 



a) 


-I.I V 


PDBDAz 






X 0.2 mA 


I 

b> 


■UV 

J 0.4 mA 


J*- 


c) 


•I.IV 




.. 


-1.4 V 
1 1_ _i 


I 0.2mA ' 



-2.0 -1.0 0 1.0 2.0 
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[0121 [023] 




I 1 1 i J L_ 

4000 3000 2000 1S00 1000 500 

am/cm- 1 



[02 2] 

,0.7 1 




•2.7 1 - 1 

-2.6 -2.1 -1.6 -1,1 

E t °(ty?-*fi)/V vs.AgVAg 




[02 1] 





-CL8 






X 


-1.2 




PDpyPd ✓ 


> 








>* 








? 




pbc y 




UJ 


-2 
-2.4 


/ PPhei 


i 



0.7 0.9 1.1 1.3 
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[HI 6] 

h 

r 



<a)*«SS« 




-2.0 1 

I 

M -5.0 
-6.0 J 



PBC 
I I 



[B2 4] 

POpyPd PBpy-cPN0 2 PDpyFu 



L 



415 nm 

— i- 



j 



49S nm 

— i r 



j 



L 



490 nm 
I 



J 



400 nm 
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^2 0 0 2-2 8 4 8 6 



7ny — i?<D$jzi* 

F* — 3K007 AB18 DAOO DB03 EBOO FA01 
4J032 BA09 BA12 BB01 BC03 CG01 
CG03 

5H050 BA15 CB22 CB25 CB26 HA11 



(72) « 'MS 

#^»Jt&fB«miWr*:^#ffl2528»* 0 
VdftUv^*2-21 



